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INTRODUCTION 
The act of teaching has not kept pace with the world's rapid social 
cind cechnolo,<>ical clian^iès. Teaching remains largely a process of impart­
ing knowledge and skills recognizing very little that environment is 
continually changing. Student growth in knowledge alone is susceptible 
to obsolescence and soon becomes insufficient. The teaching function 
needs to be expanded so that it will encourage students to "think," 
ùtoMciits rnîc-d to be exposed r.o thiuking proccsccs that will cr.atlc thcu; 
to convert what is learned today into usable knowledge for tomorrow's 
application. Rogers has so aptly stated the goal of education. 
We are, in my view, faced with an entirely new situation 
in education where the goal of education, if we are to 
survive, is the facilitation of change and learning. The 
only man who is educated is the man who has learned how 
to learn; the .nan who has learned how to adapt and change; 
the man who has realized that no knowledge is secure. 
Changingnesi?, a reliance on process rather than upon static 
knowledge, is the only thing that makes any sense as a goal 
for education in the modern world. (45, p.2) 
Many teaching situations fail to challege the multi-talented minds 
of suudents. Much classroom teaching emphasizes the student's ability to 
adjust, to memorize and to ascertain how well he understands printed 
material. Consequently, in too many classrooms, students are not given 
the time nor the opportunity to think. 
Historically, the term intelligence has been uced to define the 
gifted academic student, and the gifted academic student has fared well 
in our educational system. The reason for this success is that too often 
our instructional programs are so geared as to enable only the 
academically talented to succeed. 
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Guilford (23) has done extensive research on mental abilities and 
has defined more than 70 separate intellectual talents. Guilford uses 
the terra intellect to define the composite of mental abilities. 
Taylor (61, p.364) claims the typical intelligence test measures only 
six to eight of the more than 70 separate mental abilities. Taylor points 
out that the term intelligence has been used in a comprehensive sense 
representing the entire range of the intellect. Those mental talents 
employed in a good performance on an intelligence test represent a narrow 
segment of the continuum of the intellect. 
The Problem 
The objective of this dissertation has been to experiment with a 
teaching strategy that exposes students to thinking processes which are 
thought to foster creative thinking. The basic problem is to give 
students experience in using their multiple talents while also helping 
them progress in subject matter. 
The study was a testing of a teaching situation and technique which 
emphasized learning by inquiry. Teaching students to learn by inquiry 
imposes a far different role on the teacher than is usually the case with 
the traditional, textbook approach. Inquiry teaching is a student-
centered approach in which the teacher plays the role of a resource 
person. The typical textbook approach calls for a teacher-centered, more 
authoritative and structured classroom setting. 
The study compares two teaching strategies by measuring student 
change in creative thinking abilities and subject-matter achievement. 
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The fundamental question is: can students progress in subject-matter 
content and expand their creative thinking abilities simultaneously? 
The primary focus of this investigation centered upon the following 
hypotheses : 
1. There is no difference in gain scores between the experimental and 
control groups on tests of subject-matter achievement. 
2. There is no difference in gain scores between the experimental and 
control groups on tests of creative thinking. 
3. There is no difference in attitude toward science classes bctwet-n 
the experimental and control scudenis. 
4. There is no relationship between scores on measures of creative 
thinking ability and IQ. 
5. There is no relationship between scores on measures if creative 
thinking ability' and marks of academic performance. 
6. There is no sex difference on scores of creative thinking ability 
measures. 
Need for t!ie Study 
There seems to be a traditional concept that creativity belongs to 
the author, artist and others in the creative art? area. This diminutive 
concept of creativity needs to be broadened and better understood. There 
are creative teachers, architects, business executives, scientists and 
engineers as well as painters and composers. 
Teachers and school administrators must  have an .:nderstand Ing ou 
creativity and its implications for education specifically and for society 
in general. Lowenfield claims: 
. . . you can teach subjects ?nd subject-matter forever; 
you can "adjust" a child to his environment forever; and. 
if you are lucky, you may find a way to teach a child 
subject matter (i.e. the facts of history, math., the 
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sciences, etc.) and "adjust" him at the same time; but— 
and this is the big but—if.your child cannot apply 
creatively his knowledge, he cannot make the kinds of 
contribution to society i^ich "break through barriers." 
By that 1 mean he cannot use his knowledge and his energies 
to fiad new ways to live, to work, to play==and to do all 
these things in a world of peace rather than one of war. 
(37, p.10) 
Through this study an attempt has been made to apply in the classroom 
some of the findings of the research in creativity. Teachers frequently 
expose youngsters to mental activities that generate creative thinking, 
but this kind of teaching is too often dcae iatsiitively^ There is a real 
need, on the part of most educators, for a better understanding of the 
kinds of teaching strategies that are thou^t to be effective in opening 
student minds; and on the kinds of administrative and classroom climates 
which foster teacher and student productive thinking. 
Research in psychology has produced a wealth of knowledge about how 
people's minds function, about the learning and thinking processes, and 
on the motivational levels of people. This study, in a very small way, 
is an attempt to help bridge the gap between research and its application. 
The field of psychology has a major contribution to make to education, 
and this contribution will have its impact when educators and psycholo­
gists begin communicating with each other. 
Definition of Terms 
In reviewing the literature various definitions have been found to 
define both creativity in general and the component mental processes which 
are thought to be isqtortant to creative thinking. To avoid ambiguity as 
well as to establish a framework of constructs, a list of definitions is 
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included. (4) 
Creativity is a mental process involving a set of intellectual talents 
enabling the mind to recombine known elements into something 
new. 
Productive thinking is the term that will be used interchangeably with 
creativity. Productive thinking denotes the kind of 
thinking that is problem solving and/or original, 
imaginative and constructive. 
Ideational fluency is the ability to think of many ideas in a situation 
free from criticism. The quality of the idea is 
unimportant. 
Flexibility is the ability to produce various ideas in a situation free 
from criticism. It can be tested by asking a person to list 
uses for a common object, but the factor is evaluated accord­
ing to how many classes of uses were suggested. Classes may 
be thought of as two kinds of uses. A brick used as a paper 
weight and building material represents two classes. A brick 
used as building material for a garage and a house represents 
only one class. 
Associational fluency is the ability to produce words from a restricted 
area of meaning. It can be tested by asking a 
person to list synonyms for certain words. 
Elaboration is the ability to supply details to complete a given outline 
or skeleton form. 
Divergent thinking is the kind of thinking that moves in many directions. 
Divergent thinking may take place in either a data rich 
or data poor situation. A situation in which there is 
no predetermined answer or solution provides an experi­
ence in divergent thinking. 
Convergent thinking is the kind of thinking that progresses toward a 
predetermined solution or answer. 
Evaluative thinking is the making of value judgments and applying ideas 
and information appropriately to a given situation. 
Academic intelligence is associated with convergent thinking and applies 
to those mental abilities measured by the IQ test. 
Creative talents are primarily those talents associated with divergent 
thinking, elaboration, evaluation, and, in many instances, 
convergent thinking. 
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Intellect is the term that refers to the spectrum of mental abilities. 
Kincald (35) concludes that much of the research and literature on 
creativity has resulted in erroneous, dualistic thinking. For example, 
intelligence and creativity have come to be viewed as two separate and 
unrelated mental operations. Definitions, because of their need in 
scientific inquiry, help to advance this dualistic view and readers ought 
to be cautioned not to conceptualize a too rigid view of creativity. It 
is suggested that creativity be thought of as a unified phenomenon 
coiqposed of overlapping and interacting mental processes which are 
important to both creativity and intelligence. 
Sources of Data 
The data required to test the stated hypotheses were obtained 
primarily from the ei^th-grade class attending the Urbandale Junior 
High School located in Urbandale, Iowa. The records from the central 
office of the Urbandale Junior Higjh School provided student scores on 
the Iowa Tests of Basic Skills, student grade point averages (6B\) and 
marks indicating past school achievement. The eighth-grade students 
enrolled in physical science classes provided pre- and post-test scores 
on measures of achievement and creativity as well as scores on a post-
experimental measure designed to elicit student interests and 
attitudes toward the experimental teaching program. Intelligence test 
scores were obtained from the testing program administered by the Polk 
County Board of Education office. 
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Delimitation of the Study 
This study was limited to those eighth-grade students attending the 
Drbamdale Junior Hi^ School for the 1967-68 school year. The concern 
of this investigation was the cultivation of creative-thinking abilities 
among students enrolled in eighth-grade physical science classes. The 
experiment concentrated on a teaching strategy which emphasized teaching 
throu^ student inquiry. 
Organization of the Study 
This study was organized into five chapters. The first chapter 
includes the problem, need for the study, definition of terms, sources 
of data, delimitations of the study and organization of the study. The 
second chapter contains a review of literature which first categorizes 
creativity into areas in hopes to facilitate the understanding of 
creativity in an educational setting, and, second, the review ends with 
a section discussing other related research. The outline for the second 
chapter includes structure of the intellect, recent developments in 
measuring creativity, the relationship among creativity, scores on 
intelligence tests, and achievement, cultivating creativity in the 
classroom, creative and critical thinking, creativity as an attitude, 
and other related research. The third chapter includes information 
pertinent to the experimental design such as the setting, research 
paradigm, experimental and control groups, experimental teaching program, 
teacher ioservice education, measuring devices used, and statistical 
analysis of data. The fourth chapter contains the findings relevant to 
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each stated hypothesis. The fifth chapter focuses on the summary, 
conclusions, recommendations and suggestions. 
Summary 
One of the greatest challenges to educators Is the rapidity In which 
social and technological changes are taking place. The knowledge 
explosion imposes tremendous problems upon the act of teaching and demands 
that classroom instruction be more encompassing in order to cultivate 
student thinking abilities. This study was an investigation of a teaching 
strategy which would broaden the act of teaching to Include an addritlonal 
instructional dimension: this additional dimension being the cultivation 
of student creative thinking abilities. If growth in subject-matter 
content and creative thinking abilities can be effected concurrently, 
great strides in education in keeping abreast with change are possible. 
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REVIEW OF RELATED LITERATURE 
The review of literature concerning creativity will focus on several 
aspects of creativity which have important implications for educators. 
The organization of this chapter will include the following categories: 
structure of the intellect, measuring creative talent, the relationship 
between creativity and IQ, cultivating creativity in the classroom, 
creative and critical thinking, and creativity as an attitude. 
Structure of the Intellect 
Guilford (24, p.3) has developed a theoretical model (see Figure 1) 
which enables one to think of intelligence as a multi-dimensional phenom­
enon. Guilford's model, the Structure-of-the-Intellect, is the genesis 
of much research regarding the identification and measurement of creative 
thinking abilities. 
The complete Structure-of-the-Intellect Model would contain 120 
intellectual factors. In 1955, Guilford had identified some 42 
intellectual factors, and, by 1961, identification of 62 intellectual 
factors had been accomplished. 
Guilford's model classifies and organizes mental abilities according 
to (1) the contents or types of information dealt with, (2) the operations 
performed on the information, and (3) the products resulting from the 
processing of the information. The important implication of the 
Structure-of-the-Intellect Model for educators lies in the operations 
category. 
The operations dimension is further subdivided into evaluative. 
TlOJVs 
Sure 
COjV^£. 
model 
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convergent, divergent, memory, and cognition classifications. Each of 
these classifications represents a type of thinking process or mental 
operation, 
Wilson (76, p*21) contends that the model should serve as a reminder 
to classroom teachers of the "... great richness and diversity of human 
thinking abilities and help to keep the teacher from concentrating on too 
narrow a range of thinking skills in the classroom." 
Guilford and Merrifield (25) believe that divergent thinking 
abilities are uniquely important to creativity and that divergent think­
ing has been overlooked in both the identification of student talent and 
in the education of children in general. 
Torrance (66, p.29) emphasizes that the fostering of creative think­
ing ability has rarely been recognized as an objective of secondary 
education. He does contend there are some promising changes emerging in 
educational objectives especially in such courses as mathematics, 
physics, biology, and chemistry. However, Torrance's 1959-60 survey of 
the instructional objectives of the Minnesota social science teachers 
points out that creativity is often overlooked by classroom teachers. 
Torrance classified the instructional objectives of the Minnesota 
social science teachers using the operations dimension of the Structure-
of-the-Intellect Model as a criterion and reported the following: 
Cognitive .... 70.7 percent 
Memory ...... 5.3 percent 
Convergent .... 18.7 percent 
Divergent .... 1.7 percent 
Evaluative .... 3.6 percent 
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Torrance's survey substantiates to some extent Guilford's notions about 
education v^en the latter stated: 
. . . (Education) has emphasized abilities in the areas of 
convergent thinking aod evaluation, often at the expense 
of development in the area of divergent thinking. We have 
atten^ted to teach students how to arrive at correct 
answers that our civilization has taught us are correct. 
This is convergent thinking . . . Outside the arts we have 
generally discouraged the development of divergent-thinking 
abilities unintentionally but effectively. (23, p.19) 
If the cultivation of divergent thinking ability is the key variable 
la Che Creative process, then Torrancs and Guilford aay be justified is 
generalizing that educators are neglecting creative-thinking abilities 
among students, Torrance classified 70.7 percent of the instructional 
objectives submitted by the Minnesota social science teachers as 
cognitive operations. Wilson's (76) interpretation of the Structure-of-
the-Intellect Model defines cognitive-thinking abilities as those related 
to discovery, recognition and comprehension of information. Bloom's 
taxonomy of the cognitive domain (7) outlines many components which are 
associated with cognition. Before one could generalize that no creative 
thinking is cultivated through the development of cognitive-thinking 
abilities, more research is needed. 
Recent Developments in Measuring Creativity 
In order to measure creative thinking ability, some consensus has to 
be derived about what kind of thinking is related to creativity. Guilford 
and Merrifleld have suggested six kinds of thinking ability which are now 
considered to be involved in creativity: 
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1. Sensitivity to problems: seeing defects, needs, defi­
ciencies; seeing the odd, the unusual; seeing i^at must 
be done. 
2. Flexibility: ability to shift from one approach to 
another, one line of thinking to another, to free oneself 
from a previous set. 
3. Fluency: ability to produce a large number of ideas. 
4. Originality: ability to produce remote, unusual, or new 
ideas or solutions. 
5. Elaboration: ability to work out the details of a plan. 
Idea, or outline; to "embroider" or elaborate. 
6. Redefinition: ability to define or perceive in a way 
different from usual, established, or intended way, use, 
etc. (25, p.4) 
These six kinds of thinking ability, with the exception of sensi­
tivity to problems and redefinition, may be thought of as largely sub-
classifications of divergent thinking. According to Torrance (66) 
redefinition abilities must be classified in the convergent-production 
category of the Structure-of-the-Intellect Model, and sensitivity to 
problems falls in the evaluation category. Thus, Guilford's present 
theory regarding the thinking processes involved in creativity still 
emphasizes the divergent-thinking operation but does include the 
evaluation and convergent operations. 
Primary attention in this section is devoted to Torrance's work 
with the Bureau of Education Research of the University of Minnesota. 
Torrance, perhaps more than any other researcher, has attempted to adapt 
creativity measures for general use in education. 
In 1958, the Bureau of Education Research of the University of 
Minnesota began a study of creative thinking ability. The Bureau's 
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basic task was to adapt Guilford's experimental materials in assessing 
creative thinking to suitable forms for measuring creativity in students 
ranging in ages from kindergarten to graduate school. 
The results of Torrance's work with the University or Minnesota have 
been the development of two tests, both having alternate forms, for the 
measurement of creative thinking ability. One test is entitled Thinking 
Creatively with Words and the other is called Thinking Creatively with 
Pictures. The tests are published by Personnel Press, Inc., Princeton, 
New Jersey. 
Some specific examples of the test exercise will elucidate the kind 
of student thinking the test attempts to measure. The verbal test. 
Thinking Creatively with Words, has seven exercises beginning with three 
Ask-And-Guess activities. In these activities students have a picture to 
study. 
The examinee's first task. Asking, is to write as many questions 
about the picture as he can. The written questions are to be of such a 
nature that they are not answered merely by looking at the picture. 
The second task is Guessing Causes. Examinees are to list as many 
causes possible for the action shown in the picture. 
The third task is Guessing Consequences. This activity requires the 
listing of results or consequences of the action shown in the picture. 
The fourth task is Product Improvement. In this exercise the 
examinee is shown a stuffed toy such as an elephant or monkey. The 
requirement is to list as many ways possible to change the stuffed toy so 
that children will have more fun playing with it. Cost is not a factor 
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in suggesting changes or improvement for the toy. 
The fifth task is Unusual Uses. Examinees are asked to list as many 
uses as they can for a cardboard box or perhaps a tin can. The uses are 
not restricted to any specific dimension or size of cardboard box or tin 
can. 
The sixth task involves the examinees in the listing of Unusual 
Questions. This exercise is a continuation of task five. If cardboard 
boxes were the subject of task five, examinees in task six are asked to 
list as many unusual questions about cardboard boxes as possible. The 
kinds of questions should lead to a variety of different answers and might 
arouse interest and curiosity in other people concerning boxes. 
The seventh and last task concerns a Just Suppose situation. Exam­
inees are to list consequences or results of a highly improbable condition. 
Just Suppose clouds had strings attached to them which hang down to earth 
is an exemplary situation. 
Examinees are exposed to all seven tasks under timed conditions. 
All tasks, with the exception of Product Improvement and Unusual Uses, 
are allotted five minutes. Ten minutes are allowed for the two excepted 
tasks. 
Torrance's verbal test for creativity was chosen as the measuring 
instrument in this experiment because it was thought that the experimental 
teaching strategy in this study emphasizes student verbal skills more than 
nonverbal skills. 
The validity of Torrance's tests of creativity thinking has been the 
subject of much interest. Torrance has offered evidence of validity 
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through research projects conducted in cooperation with Wallace (70) and 
Sooners (47), Wallace's study showed a significant correlation between 
high performances on selected tasks from Torrance's tests and the sales 
productivity of saleswomen in a large department store. Sommer's study 
at Stout State College, Menomonie, Wisconsin, showed a significant rela­
tionship between faculty selection of highly-creative students in 
industrial-design classes and performances on specific tasks on 
Torrance's tests of creative thinking. 
Other validity evidence has been provided by Torrance which is 
encouraging, but he is the first to admit that ouch more evidence is 
needed in order to substantiate that his test battery of creative 
thinking abilities measures those key variables important in creativity. 
Torrance's tests are difficult to score and are time consuming. The 
scoring factor hinders their wide acceptance and has restricted their 
usage to experimentation and research. One might criticize the face 
validity of these tests especially when they are used at the senior-high 
or college levels. The pictures on which the test exercises focus are 
slanted toward the interests of elementary children. However, these 
tests represent a pioneering effort in assessing creative abilities in 
an educational setting. Also, Torrance's attempts in validating his 
creative measures have not been surpassed. 
The Relationship between Scores on Creativity Tests and 
Scores on Intelligence and Achievement Tests 
Often educators appear to think that tests of scholastic ability, 
measures of achievement, and school marks identify all gifted students 
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including those with creative talent. The findings of recent research 
should give educators some cause for doubting the effectiveness of many 
current measuring devices in assessing the broad-gamut of mental abil­
ities . 
The findings of Getzels and Jackson (19) suggest that intelligence 
is not a reliable predictor of creativity. Getzels and Jackson worked 
with a group of 500 adolescents, ranging from sixth-grade to high school 
seniors. These two psychologists selected from the original 500 students 
two groups--one made up of students in the top 20 percent as measured by 
intelligence (IQ) tests but not creativity, and the other group was 
comprised of students in the top 20 percent in creativity but not IQ. 
Creativity was measured by using several experimental exercises developed 
by Guilford in his factor analytical studies of the structure of the 
intellect. Getzels and Jackson found that high-IQ and creativity 
correlated only up to a certain point. 
The research of Getzels and Jackson was limited in that it concerned 
only those students in the high-IQ range. This research has led some to 
believe that intelligence and creativity are mutually exclusive talents. 
Torrance (66) replicated the work of Getzels and Jackson studying 
children at various levels on the IQ continuum. Torrance concludes (1) 
that by depending solely on IQ tests to measure creativity we miss about 
70 percent of our creative youngsters, (2) although a certain level of 
intelligence is needed to be creative (IQ of 120) beyond that level 
there is a small relationship between intelligence and creativity, and 
(3) although outstanding creativity is seldom found among children of 
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below-average IQ, some type of creativity may be found anywhere along the 
IQ continuum except perhaps at the bottom. 
Jacobson (33), in his study of creative thinking ability as related 
to school performance and intelligence, found little relationship among 
high-IQ students (121-142) when comparing scores on the California Achieve­
ment Tests and tests of creative thinking ability. An exception to this 
relationship was in reading vocabulary. Jacobson's sample included 206 
sixth-grade boys all with IQ's of 105 or more. 
Further conclusions drawn by Jacobson were (1) there is a low 
correlation between creative thinking ability and measures of school 
performance, and (2) school marks seem to reflect citizenship and other 
qualities in addition to achievement rather than creative thinking ability. 
Cultivating Creativity in the Classroom 
In view of the omission in most educational programs for the orderly 
consideration of creative talent, the nurturing of this talent in the 
classroom is one of the most important challenges facing educators today. 
Educators often look for teaching methods with attached labels and 
handles which ease their implementation. However no single technique for 
developing student creative thinking ability has emerged as a sure-fire 
teaching approach. Perhaps fostering creative thinking ability is more 
closely related to the teacher's charisma than to any method of teaching, 
instructional device or materials. 
Many of the teaching activities which are thought to develop creative 
thinking abilities center upon divergent thinking activities. Parnes and 
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Meadow (43) at the State University of New York at Buffalo have stimulated 
much interest in the idea that people can be trained for creative think­
ing. Experiments by Parnes and Meadow have shown that college students 
enrolled in creative-problem-solving courses excel in performance on 
creativity measures over students not enrolled in creative-problem-solving 
courses. The students in the creative-problem-solving courses were 
encouraged to use their imagination in the solution of problems in all 
walks of life. Parnes and Meadow placed great emphasis on the brain­
storming technique which calls for rapid ideation on the part of students 
with critical judgment suspended. 
Several studies have been conducted whereby experimental teaching 
has been used in an attempt to foster creativity. Hutchinson (32), in 
the Granite School District in Salt Lake City, Utah, experimented with 
eight sections of seventh-grade students involved in a three-week social 
science unit. The specific subject content focused on transportation. 
The eight sections of seventh-grade students were matched with each other 
on the basis of their mental ages and sex. The total number of students 
in the study was 256, including 128 in the total experimental group and 
128 in the total control group. 
A three-dimensional model developed by Taylor, £t (64, p.31) 
served as a guide for Hutchinson's experimental teaching strategy. The 
model's first dimension (see Figure 2) concerns the teacher's utilization 
of teaching methods, instructional materials, and stage setting. The 
second dimension deals with the subject areas and content, and the third 
dimension involves the learning and thinking processes that occur while 
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Fig'ire 2. A representation of two main dimensions, content 
and processes, of thp three dimensional model 
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the student is learning subject matter. 
Taylor has the following comments about the three-dimensional model. 
. . . aw insists Into Intellectual and learning processes 
as Implied In the three-dimensional framework, reveal that 
students might more appropriately be thought of as "thinkers" 
rather than Just "learners." If educators conceive that 
students were really thinkers, much greater development of 
all of the potential abilities of our youth should occur. 
(63, p.12) 
Hutchinson's experimental teaching strategy Involved four teachers 
each teaching one experimental and one control group. By exposing 
students to a variety of thinking processes, three of the four teachers 
experienced greater gains on measures of subject-matter achievement for 
their experimental groups. However, only in one of these three cases was 
the difference considered statistically significant. All four teachers 
showed gains which were statistically significant for their experimental 
groups on four measures of creative thinking ability. 
Hutchinson's study suggests that creative thinking abilities can be 
cultivated without loss in student growth in subject matter, and in fact, 
suggests that achievement of subject matter may be greater if students 
are given opportunities to use a variety of thinking abilities. 
A weakness of Hutchinson's research is that no^ere does he define 
his experimental teaching procedure. How did his teachers expose their 
students to various thinking processes? This is an important question 
which concerns teaching methodology and strategy. 
Williams's research (74, p.110) in creativity has led to the expan­
sion of Taylor's three-dimensional model (see Figure 3). Williams's model 
offers numerous teaching approaches in cultivating creative thinking 
DIMENSION 3 
Productlve-PlverRenC Thinking Behaviors 
I. Reading 
2. Wrlclng 
3. Language 
5. Social Studies 
7. Huslc 
Subject Matter Concent 
CXatsroop Teaching Styles or Strategies 
Using paradoxes 
/2. Using analogies 
y/3. Sensing deficiencies (uaicnown knowledge, gaps or missing elements of Information) 
/%. Thinking of possibles, probables, alternatives, guessing, or formulating hypotheses 
/S. Asking provocative questions - inquiry training 
/Listing inherent properties or attrlbucee 
//, Exploring the mystery of things 
/S. Reinforcing original behavior 
/9, Cite exMq)lea of fh&oge-how to expect amj accepc change 
Uae an organised-randcm search for loforxttlon 
%11, Use examples of rigidity, functional flxatlca, hablc 
X12, Teach skills of search: (a) historical search, (b) descriptive search, (c) controlled olserv&clons 
I3. Building a tolerance for ambiguity (setting purposeful blocks) 
14. Allowing for intuitive expression 
/l5. Teaching the process of invention oad Innovation 
Ï6. Use exas^ les which shift from adjustavint to developwat (cepitalize on failures, mistakes, accident, eereodipity) 
^ * 10. Allow acuaencs to interact wicn cneir pmac icnowicage 
1/19. Evaluate situations In terms of consequences - isqrllc'^ tions - extrapolations 
0^. Develop skills In being receptive to unexpected (surprising) responses and alertness to their significance 
to 
to 
, ^ 1. Develop skills in reading creatively 
1^1* Develop skills In listening crestlvely 
Provide opportunities to visusllse 
Figure 3. Model for the teaching of prorfuctive-d5.versent thinking through subject matter 
content 
23 
abilities. The important implication for classroom teachers suggested by 
Figure 3 is that to expose students to a variety of thinking processes 
calls for the application of numerous teaching approaches. Frequently 
the teaching approach will depend on the subject-matter content, but the 
theory conveyed is that creativity can be cultivated in all subject areas. 
Clark (12), in a study involving two groups of ninth-grade mathematic 
students (40 students in each group), found that gains in subject matter 
achievement could be obtained while permitting students to use their 
creative thinking abilities. The subject area for Clark's study was the 
solving of story problems. 
Clark carefully outlined the difference in his teaching programs 
designed for the experimental and control groups. The control group was 
given a definite outline to follow in solving story problems while the 
experimental group was permitted to experiment and to draw upon their 
mathematic background in the solution of problems. 
The major findings of this study showed that the experimental group 
achieved statistically significant gains at the .05 level on pre- and 
post-test measures of the student's ability to solve story problems. No 
significant differences were observed in measures assessing creative 
thinking ability. 
While Clark's sample was extremely small and no effort was made to 
control for the teacher variable, it does imply that students can experi­
ence growth in subject matter in a highly-unstructured teaching 
situation. This study does provide some evidence that the teacher 
lecture, student discussion of textbook information, and teacher dominance 
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of classroom learning exercises are not the only ways to impart subject 
matter. 
Creative and Critical Thinking 
Since classroom teachers are essentially products of the system in 
which they received their education and especially influenced by institu­
tions of higher education, creative and critical thinking need to be 
separated and analyzed as two kinds of thinking processes. 
Not all educators are willing to accept creative and critical think­
ing as separate mental processes. For example, in a 1954 report by the 
American Council on Education entitled General Education--Explorations in 
Evaluation, Harding reports the following: 
The issue of creative thinking was regarded as important 
but outside of the province of the Committee to resolve. 
The Committee was unwilling to take sides as to any dif­
ferences which might exist between the creative act and 
the critical act. Rather the Committee was willing to 
accept, for purposes of compromise at least, the hunch 
that creativity and criticalness might be merely differing 
degrees of the same essential process. (27, p.4) 
Harding, in the presentation of a paper at a 1958 Creative Problem-
Solving Institute held at the University of Buffalo, expressed an attitude 
which is in direct opposition to the position espoused by the Committee 
of the American Council on Education. 
. . . American Higher Education is, I regret to say, oriented 
more towards Critical Thinking than towards Creative Thinking. 
We produce critics rather than artists or poets or inventors 
in the broad sense of those magnificent words. Our graduate 
students far too often grow up in an atmosphere of skepticism, 
of indecision and doubt, and of strong negative conditioning. 
(27, p.4) 
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Critical thinking seems to convey the idea that there is one best way to 
solve a problem whereas creative thinking may lead to a variety of possi­
ble solutions. An important difference between critical and creative 
thinking may be in the mental attitude in which a problem is approached. 
Critical thinking is frequently accompanied by immediate evaluation. 
The immediate evaluation often stems from past experience or research 
findings and may have a stifling effect upon further generation of ideas. 
Fames's brainstorming technique purposefully postpones evaluation and 
permits thinking to occur without immediate judgment. This period of 
suspended judgment allows students to ideate freely without fear of being 
criticized. It might be well for teachers, in many classroom discussions, 
to employ the "suspended judgment principle" which is underlying in the 
brainstorming technique. 
The difference between critical and creative thinking may be an 
important concept for teachers to understand in order to nurture creative 
thinking abilities. Perhaps the mental processes used in both critical 
and creative thinking overlap, but the climate or environment in which 
the thinking occurs could be the significant difference. 
Creativity as an Attitude 
Some researchers have attempted to demonstrate that attitude is an 
important mental phenomenon attributing to one's creative thinking 
capacity. Since attitude is thought to be a prime factor in motivating a 
person's outward behavior, personality traits and personal characteristics 
have been the center of attention for much research dealing with 
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creativity as an attitude. 
If creativity is viewed as a special endowment of aptitude possessed 
by very few individuals, educators may wonder why all the bother about 
cultivating creative thinking abilities. However, oo. L.;e other hand, 
when creativity is discussed as a multi-dimensional phenomenon which 
relates to attitude, the implications for teachers, school administrators 
and parents take on many new aspects. These new aspects focus on 
cultural, social and educational settings that are deemed important in 
developing creativity. 
An extensive study, developed by Adorno and his associates (1), 
focusing on the "Authoritarian Personality" was conducted during World 
War II at the University of California at Berkeley. This investigation 
was concerned with race prejudice and proposed that any answer about the 
origin of prejudice would be useful in understanding the roots of anti-
seraitism and Naziism. 
The findings of the study included several theories about personality 
which went far beyond the mere study of prejudice. It was found that 
highly prejudiced people held many personality traits in common. This 
combination of personality traits was labeled as the "Authoritarian 
Personality." The authoritarian individual was found to be rigid, 
concrete in his thinking, unable to manage abstractions easily, conven­
tional and conforming. He prefers absolutes--black and white, cannot 
tolerate ambiguity, and tends to have a rigid conscience. 
Steinberg believes that the important implications emerging from 
Adorno's study are; 
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The characteristics of the authoritarian personality are the 
antithesis of the creative attitude we seek. Creative 
behavior is characterized by variety and richness of percep­
tion. Whatever produces narrowness and rigidity becomes an 
important factor in limiting creativity. Attitudes that 
characterize authoritarianism seem representative of a range 
of social beliefs and predispositions that children 
develop . . . (48, p.130) 
Teachers and school administrators are in strategic positions to 
nurture creative attitudes on the part of students. The research on 
creativity as an attitude has a direct relationship to the function of 
administrative rules and regulations governing teacher and student 
behavior. If rigidity and conformity of behavior is the goal of school 
administrators and classroom teachers, the advancement of creativity may 
be seriously hampered. 
In developing an open mind or a creative attitude, one might be con­
cerned about the boundaries in such a suggested, permissive climate. 
Hayakawa's definition of permissiveness may be helpful to the classroom 
teacher in establishing limits for student behavior. 
. . . permissiveness does not mean, and no one has ever meant 
it to mean, allowing children to break up the furniture or 
pour hot soup on their sisters. Permissiveness means 
permitting children to do what they want, up to the point of 
not creating disturbances for others, not hurting others 
... an important component of permissiveness is that 
children should feel free to express their deepest feelings. 
Whether they do anything about them or not, they should 
always feel free to express them. (28, p.50) 
Another problem in cultivating a creative attitude has to do with 
values. If a nonauthoritarian attitude is important in developing 
creative thinking ability, ia there any assurance that the thinking will 
always be constructive? It seems that educators ought to qualify creative 
thinking as thinking that solves problems. For educators the term 
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productive thinking may be more meaningful than creative thinking. 
Another study conducted by Holland (30) indicates important personal­
ity differences between individuals exhibiting creative behavior and high 
academic performance. Academic performance is believed to be a function 
of a personal syndrome characterized by: perseverance, self-control, 
good behavior, rigidity. Creative behavior is exhibited by a conscious 
conception of being original, actively participating in creative hobbies. 
Holland's study implies that high academic achievement involves different 
intrinsic motives than those associated with creative performances. 
À misinterpretation which could easily be made from Holland's find­
ings is that perseverance is only a characteristic of high academic 
achieving students. However, the creative-problem solving process 
described by Wallas (71) conveys the idea that in order for an individual 
to be creative he must have extreme patience and be willing to become 
steeped in the act of solving a problem. Wallas has described the 
complete act of creative production in terms of four stages--preparation, 
incubation, illumination, and verification. The preparation stage includes 
recognition and analysis of the problem. The incubation stage is explained 
as that period of time where no observable work is being done toward the 
solution of the problem, but the subconscious mind is continually search­
es ing for solutions. The illumination stage is characterized by a sudden 
flash of genius or the emergence of a possible solution, and verification 
is testing the possible solution. Wallas's definition of creative 
problem solving seems to parallel Dewey's steps in scientific problem 
solving. Any difference between Dewey and Wallas's approach to problem 
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solving is difficult to determine. 
Other Related Research 
This section is devoted to doctoral dissertations which have been 
completed in the area of creativity and education. Few studies, prior to 
1962, were undertaken which emphasizes the recency of creativity as a 
phenomenon for consideration by educators. The creativity research 
reported in this section, the researcher believes, represents a sample of 
the kinds of studies educators have completed in their attempts to relate 
creativity to the arena of education. 
Yanamoto (79) investigated teacher creativity and its Influence on 
the scholastic performance of students. The source of data for this study 
was provided by 19 fifth-grade teachers and their 461 students. 
The 19 teachers, on the basis of creative-thinking measures, were 
dichotomized into a low-creative group (9) and a high-creative group (10). 
The students were administered pre- and post-tests consisting of a 
battery of achievement measures. Five months elapsed between the pre- and 
post-tests. At the time of pre-testlng, students were also given a 
creative-thinking test. 
In analyzing the data a 2x3x2 factorial design was eaq>loyed. Two 
levels of teacher creativity, three levels of student creativity and sex 
were the variables in the design. The criterion variable examined was 
scholastic achievement. 
The findings indicated a significant interaction among teacher 
creativity, student creativity, and achievement in reading comprehension 
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and mathematlc skills, but no significant main effect between teacher 
creativity and student scholastic performance was found. Yamamoto's 
research points out the complexity of creativity and perhaps dispels the 
common notion held by many educators that creative teachers produce 
better, academic-performing students. One of the problems in assessing 
the effects which creative teachers have on their students lies in the 
testing devices used. There may be important side-benefits accrued by 
students from creative teachers, but these benefits are not measured by 
most achievement tests. 
A study conducted by Carey (10) Involving 196 sixth-grade students 
in a metropolitan school district in Indiana found that student creativity 
was not related to student achievement. However, Carey reported signifi­
cant correlation coefficients existing between IQ and Fluency and IQ and 
Originality. Fluency and Originality are considered important components 
of creativity. The laq>llcation8 of this study point to the danger in 
considering creativity and intelligence as separate mental processes. 
Metcalf (41) Investigated the relationship between scores on tests 
of creativity and scores on IQ and school achievement measures. This 
study Included 312 eighth-grade students. Metcalf reported significant 
correlations between Flexibility and achievement as well as Flexibility 
and IQ. Significant intercorrelations among Fluency, Originality and 
Flexibility were also reported. However, Flexibility was found to be more 
closely related to IQ and achievement than either Fluency or Originality. 
Many studies such as Metcalf's look at isolated bits of creativity. 
This is not a criticism of Metcalf's study but reflects an Inadequacy In 
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creative-measuring devices. Flexibility, Fluency and Originality are 
considered key components of creativity; but, in addition, variables such 
as Elaboration, Sensitivity to Problems and Redefinition Ability are 
deemed important in the creative process. Thus far most of the creative 
tests employed in research assess only a portion of those variables which 
Guilford and Merrifield (25) consider germane to creativity. 
An experimental investigation which examined the possibilities of 
teacher inservice education and its impact on developing student creative 
abilities was conducted by Enoch (17). Four fifth-grade teachers and 
their 97 pupils were the participants in this study. The teachers and 
Students were divided into two groups, one experimental and one control 
group. During a ten-week period, sixteen audio-video tapes were made of 
the activities in the experimental classrooms. At the close of each day 
in which an audio-video recording was made, Enoch, along with the class­
room teacher, discussed the video tape. This discussion focused on the 
following teaching principles; (1) treat all pupil questions with 
respect, (2) all unusual ideas from students should be respected, (3) 
indicate to students that their ideas are valued, (4) encourage student 
initiative for learning, and (5) allow students to discuss many ideas 
relating to a problem without immediate evaluation. 
On the basis of pre- and post-creativity measures, students of the 
experimental teachers showed significant gains in Originality. No dif­
ferences were found with respect to Flexibility. 
The evaluation of teacher inservice education programs prove to be 
an arduous task when creativity is the criterion variable. Student 
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creativity, or at least some aspect of it, may be enhanced as a result of 
teacher inservice education; but the key variables to which this growth 
can be attributed often is never discovered. 
Perhaps one of the best instruments available for studying the 
classroom oral activities is the Aschner and Gallagher analysis scale (5). 
This scale divides verbal activity within the classroom into five 
categories: routine, cognitive-memory, convergent thinking, evaluative 
thinking and divergent thinking. The Aschner-Gallagher System is an 
adaption of Guilford's operations dimension of the structure-of-the-
intellect model to the analysis of the verbal activity in the classroom. 
Hutchinson (32) used this scale to analyze the verbal activity within the 
classrooms included in his study. A significant reduction in the 
cognitive-memory classification of verbal activity was reported by 
Hutchinson in those experimental classrooms where creativity was success­
fully developed. 
Enoch (17) employed a system of analyzing classroom behavior which 
was developed by Flanders (18). Flanders's system examines the verbal 
activity in the classroom by recording the frequency of remarks which 
reflect teacher-student behavior and attitudes in the following areas: 
(1) teacher acceptance of student feeling, (2) teacher praise and 
encouragement of students, (3) teacher acceptance of student ideas, (4) 
teacher questions, (5) teacher lectures, (6) teacher directions, (7) 
teacher criticism, (8) student responses, (9) student initiatory remarks, 
and (10) classroom silence and confusion. Enoch concluded, on the basis 
of Flanders's system of analyzing classroom verbal activity, that those 
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classrooms in which student questions and ideas are encouraged and 
respected; student Originality is enhanced. 
Castle (11) investigated the difference in creativity between rural 
and urban students. The rural group was comprised of 87 students from a 
rural school system and an equal number of students from Oklahoma City 
made up the urban group. 
These students were matched on the basis of intelligence test 
results, age, sex and grade classification. Castle found that rural and 
urban students did not differ on scores of creativity tests. Other 
comparisons of the creativity measures were made on the basis of sex, 
socio-economic background and religious preference; no significant dif­
ferences were found. 
Janssen (34) examined the difference in performance on creative tests 
between student dropouts and nondropouts from lower socio-economic status 
groups. The dropout group consisted of 48 students and the nondropout 
group was comprised of 198 students. The tenth-grade classes from two 
high schools in Knoxville, Tennessee, provided the subjects. 
In analyzing the data, Janssen controlled for IQ in comparing scores 
on creativity tests. The results of this study showed that the dropout 
students did significantly better on tests of creativity. Janssen 
inferred from these findings that possibly the middle-class conformity 
imposed upon lower, socio-economic students reduces student creative-
thinking ability. 
A study conducted by Pogue (44) investigated the interrelationships 
of creativity, self-esteem and race. The sample was composed of 263 
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students in grades four, five and six. The proportion of Negro students 
in the sample approximated 50 percent. 
The findings of this study indicated a significant relationship 
between creativity scores and self-esteem scores, but no differences were 
found between white and Negro students in creative ability. Pogue's 
creativity measures consisted of the Incomplete Figures Tasks and the 
Circle Tasks which are part of the Minnesota Test of Creative Thinking. 
These exercises are completely nonverbal and would seem to be limited in 
measuring the multifaceted complex of creativity. 
Trowbridge (67), at Iowa State University, studied the relationship 
between creativity and technical competence as expressed by students 
enrolled in art classes. The subjects for this investigation were 
comprised of 75 children ranging in ages from 3 to 18 years. These 
children were categorized into five age groups. 
From each child two paintings were randomly selected and evaluated 
by a panel of three judges. Rating scales were employed in assigning 
creativity and technical competence scores to each painting. 
The findings indicated a zero correlation between the two dimensions, 
creativity and technical competence. The developmental patterns of these 
two dimensions were also examined. Technical competence was found to 
increase gradually and steadily with age whereas creativity remained 
relatively stable from 3 to 15 years and Increased sharply from 15 to 18 
years. 
Wieser (73) investigated creativity among prospective teachers 
enrolled in the College of Education of the University of Missouri. 
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Creativity tests were administered to 282 students preparing to obtain a 
teaching certificate. In addition, scores from each of these students 
were obtained from the Educational Interest Inventory. 
There were no differences found among the mean creativity scores of 
those students planning on teaching science, mathematics, social studies, 
fine arts, physical education, special education, commercial education 
and homemaking. Also, no differences were found lAen the criterion 
variable, creativity, was applied to elementary and secondary teachers. 
The only significant finding was a positive relationship existing between 
scores on the College Professor Scale of the Educational Interests 
Inventory and creativity test scores. 
To conclude this section, a study involving creativity and education­
al administrators by Ant ley (3) is reported. Forty-two Mississippi school 
administrators participated by taking tests of creative-thinking ability 
as well as the Administration and Supervision Test and Supplement of the 
National Teacher Examination. 
Antley's purpose was to study the relationships among creativity. 
Job knowledge and decision-making ability of school administrators. 
Decision making was evaluated in three ways. First, each superintendent 
solved six problems which were presented in case study, simulated form. 
These simulated problems related to school systems which varied in terms 
of the number of students enrolled. Secondly, each superintendent kept 
dally logs describing the most important decision made each day. The log 
contained a list of suggested solutions as well as the one selected. In 
addition the superintendent was to record by position title those 
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Individuals involved in the decision. Thirdly, a randomly selected group 
of teachers from each school system was asked to complete a questionnaire 
naming the positions of those persons (Ao made the decisions on various 
school matters. 
The findings revealed that job knowledge and three decision^making 
variables (decision level, decision fluency and cooperative decision 
making) related significantly to creativity measures. The decision-making 
variables as well as job knowledge were used as prediction variables of 
creativity in a multiple-regression analysis. The analysis indicated 
that these four variables accounted for .216 of the variance of creativity 
with job knowledge being the best predictor and decision level ranking 
second. 
Antley concluded that administrators of large schools who are older 
reflect more creativity in the administration of their school. These 
administrators appeared to be more fluent in suggesting possible solutions 
to problems and make more unique decisions. Also those administrators who 
scored higher on job knowledge tests involved more people in the decision­
making process. 
Antley's study is one of very few investigations which examines 
creativity within school administrators. The manner in which the decision­
making process was analyzed appeared to be highly susceptible to bias. 
However, the study represents a pioneering effort into an area of 
education which may have great potential in fostering creative-thinking 
ability among students. 
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Summary 
Research in creativity is not of recent origin and has long been a 
subject of interest in the fine arts. Not until 1950, when Guilford's 
factor analytical studies began to orobe into the structure of the intel­
lect, did creativity become a concern for many psychologists. 
The Structure-of-the-Intellect Model, proposed by Guilford, has 
three dimensions. The operations dimension, which classifies thinking in­
to oognlfion, convergent, evaluative, divergent and memory processes, is 
of particular value to educators in understanding students as "thinkers." 
Guilford's model has served as the point of departure for many 
research studies in the areas of measuring and identifying creative 
behavior. Torrance, perhaps more than any other researcher, has attempted 
to develop creative thinking measuring devices for broad application in 
education. Torrance's tests have not been widely used in education 
because of the_d.i£ficulty in scoring them. The tests have been basically 
used in experimental research. 
Research concentrating on IQ and creativity has indicated that intel­
ligence (those mental abilities measured by IQ tests) and creativity may 
involve different mental processes. Creativity and intelligence are not 
completely mutually exclusive combinations of talent but do differ in 
degree. Creativity has been found to be related to intelligence when the 
IQ measures are in the range of 120 and below. For those individuals 
with IQ's above 120, the relationship between creativity and intelligence 
declines rapidly. 
The diverse results of many doctoral studies point to the difficulty 
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in making generalizations about the relationships among creativity, IQ 
and scholastic performance. A basic problem may be in the creativity 
measures available. Much research is conducted using creativity measures 
that only assess a portion of the creativity complex. 
Developing creative thinking abilities in the classroom, which has 
been the crux of this study, is the basic challenge to educators. 
Several research projects, emphasizing a teaching strategy, have demon­
strated that students can grow in knowledge while enhancing their 
creative thinking ability. 
The kind of teaching approach thought to foster student creative 
behavior is far less dominant than what is often found. The classroom 
activities are student centered, and divergent thinking is stressed by 
using a variety of teaching techniques. 
For some researchers and writers on the subject of creativity, a 
distinction between creative and critical thinking is important. 
Critical thinking appears to be negative in the sense that it encourages 
skepticism. Critical thinking discourages ideation and is more concerned 
with the judgment of a proposed solution to a problem. Creative thinking 
encourages flexibility and openness in thinking and recognizes that there 
may be many good solutions to a proposed problem. 
The question as to whether creativity is an aptitude or attitude is 
of vital concern to educators. The aptitude concept tends to limit 
creative thinking ability to those few, specially-endowed individuals. 
However, if attitude is an important variable in creative behavior, then 
the implications are that creativity may be a talent that all people 
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possess. This latter concept places important demands on teachers and 
educational administrators to provide the proper climate for creative 
thinking ability to flourish. 
The Aschner Gallagher analysis scale as well as Flanders's system 
have been employed to examine classroom verbal activities. These scales 
assist researchers in quantifying classroom activities and to isolate 
those teacher-student verbal interactions which are thought to be perti­
nent to the development of creativity. 
Prospective teachers of various disciplines and ^rade levels, on the 
basis of limited research, reflect little difference on scores of 
creativity measures. Experience and job knowledge have been found to 
enhance the amount of creativity exhibited by educational administrators. 
Sex, race and socio-economic status seem to have little influence on 
creative-thinking ability. However, the results of some research have 
found that dropouts of low socio-economic status groups performed better 
on tests of creativity than non-dropouts of the same status levels. 
THE EXPERIMENTAL DESIGN 
The primary purpose of this chapter is to outline and explain the 
procedure followed in implementing this study. The description of the 
approach will elaborate on the setting, control and experimental groups, 
measuring devices used, teacher inservice education and the teaching 
program. Hopefully the experiment could be easily replicated after 
studying this portion of the dissertation. 
Setting 
The experiment was conducted involving the eighth grade students 
enrolled in the Urbandale Junior High School for the 1967-68 school year. 
The Urbandale Community is one of the fastest growing suburban areas of 
Des Moines. The Urbandale Junior High, which is the only junior high 
school in the Urbandale School District, is located about six miles 
northwest of the center of Des Moines. Urbandale's school patrons reflect 
incomes and educational levels above the average for the State of Iowa, 
and the school system seems to be a pacesetter in establishing instruc­
tional practices leading to a nongraded curriculum. 
Urbandale Junior High School is a three-year school comprised of 
grades seven, eight and nine. The student body is made up of 650 students. 
This study included the eighth-grade class which has an enrollment of 204 
students. 
The specific subject area used in this investigation was the eighth-
grade physical science class. The physical science classes were organized 
into seven class sections with one teacher having four sections and 
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another teacher three sections. The class size for the seven sections 
ranged from 25 to 32 students. 
The administrative practice of the school indicated that the students 
were, in most cases, randomly assigned to class sections with no attempt 
at ability grouping. The two physical Science teachers were of the 
opinion that each of the seven sections represented a cross section of 
student academic ability. 
Since it was important that each group be quite similar in levels of 
achievement and ability, the seven groups were compared using their 
seventh-grade composite scores on the Iowa Basic Skills Test and marks 
received in seventh-grade mathematics. 
In analyzing the variance for the composite scores on the Iowa Basic 
Skills Test, an F ratio of 1.659 with 6/188 degrees of freedom was 
obtained. The F is considered nonsignificant at the .05 level. In 
analyzing the variance of the marks received in seventh-grade mathematics, 
an F ratio of 1.662 with 6/190 degrees of freedom was obtained. This F 
was also found to be nonsignificant at the .05 level. 
With this preliminary analysis of academic performance, it was con­
cluded that each group of students represented a cross section of academic 
ability, and, that no group differed significantly with respect to past 
school performance and achievement. 
The two teachers cooperating in the implementation of this study had 
master's degrees and five or more years of teaching experience. Hereafter 
the cooperating teachers shall be identified as teacher À and teacher B. 
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The Research Paradigm 
The research procedure follows the pre-test/post-test control group 
design. The control group (93 students) was comprised of three sections 
of eighth-grade students enrolled in physical science classes and is 
designated as Gj^. The experimental group (111 students) contained four 
sections of eighth-grade students enrolled in physical science classes 
and is designated as 69. The pre- and post-test measures of achievement 
and creativity are represented by Oj^ and Oo respectively. The letter X 
represents the experimental teaching program which was administered to 
the experimental group for a five-week period. The following paradigm 
represents the basic research design. 
Gi Oj^ O2 
G2 Oj^ X O2 
The Experimental and Control Groups 
Some difficulty was encountered in selecting which class sections 
would represent the experimental group. There were seven class sections; 
four sections tau^t by teacher A and three sections by teacher B. It was 
impossible to organize a balanced research design including an equal 
nuuter of students in both the control and experimental groups. 
It was decided to proceed with four classes representing the experi­
mental group and the remaining three classes would make up the control 
group. Two of the four class sections taught by teacher Â, and two of 
the three classes taught by teacher B were randomly selected to represent 
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the experimental group. 
The total number of students comprising the experimental group was 
111 students whereas the control group consisted of 93 students. The 
average number of students enrolled in the four class sections making up 
the experimental group was 27.1. For the three class sections in the 
control group, the average number of students per section was 31. 
The rationale for having four class sections in the experimental 
group was to enable better control for the teaching variable. Both 
teacher A and B were assigned to classes representing the experimental 
group. 
The Experimental Teaching Program 
The experimental teaching strategy was applied to a five-week 
instructional unit covering specific subject matter content on temperature 
and heat. The rationale for the experimental teaching program comes from 
Suchman's (58, p.33) Thinking-Learning-Acting-Model (Figure 4). Suchman's 
model diagrams the thinking-learning processes students actually experi­
ence when permitted to learn by inquiry. Before going further, an 
explanation of Suchman's terms follow: 
Meaning The pursuit of meaning is a fundamental human 
activity and is probably the chief motivation for most in­
quiry. Before trying to analyze the complex processes by 
which people make experience meaningful, we must first 
consider what meaning is and how it is possible for the 
meaning to be generated. 
Perceiving is the result of an interaction between whatever 
is "out there" and available to our senses, and what is 
already internal and available to our thinking. We don't use 
our senses simply as wide open windows to bring in everything 
I 
Encounters INTAKE 1. Searchint 
2. Selecting 
3 Grouping 
* 
Figure 4. Thinking-learning-acting model 
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from outside. The world is too complex--besides, we are not 
interested in everything. Instead, we are selective. 
Encounter There is a point of contact in time and space 
between man and his environment. Life is a succession of 
such contacts. People encounter the real world around them 
in many ways. They encounter minute objects, large complex 
events, and people. 
The main points about encounters are: (I) the environ­
ment may offer a great many or only a few; (2) the individual 
can generate more encounters for himself by playing an active 
role and stirring things up; (3) a teacher can increase the 
numbers of encounters for his pupils by enriching and acti­
vating the environment, surrounding the children with more 
stuff, and giving them more of a chance to »et at it. 
Organizer The organizer resides within the person; it is a 
particular condition of the mind that permits the learner to 
respond to encounters in selected ways. An organizer helps 
the person to impose some degree of order upon his encounters. 
It affords a framework for new encounters and makes the 
encounters meaningful. 
An organizer is available because of what has happened 
in the past. It is a pattern which guides the selection, 
grouping, and ordering of encounters. Organizers take many 
forms. One is produced through the retention and recall of 
a previous encounter. The second time a person watches a base­
ball game, the encounter will be more meaningful simply on the 
basis of the first game that was seen. 
Action This function is the best starting place, because 
it is most clearly evident in the learner. Obviously, the 
learner moves about, talks, and manipulates objects. Any 
teacher or parent knows how much drive a child has to move 
about and do things. The drive is present at birth and 
throughout his life, although, as he gets older, other func­
tions begin to replace some of the action. While older persons 
can sit still for longer periods and watch, read, or think, the 
school-age child approaches his world mobilized to do things. 
Control It is difficult to imagine what humans would be 
like without the control function. Even in the case of a 
newborn baby, certain internal regulations cause crying when 
he is hungry or in pain; other make him focus on and follow 
objects in his field of vision. (Gesell identified dozens of 
patterns of control in newborn infants and showed that the 
absence of controls usually indicated impairment.) 
School-age children have highly sophisticated control 
systems. All of these are triggered and regulated in a 
creative or adaptive way in response to (a) the desire of the 
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child, (b) his knowledge and experience, and (c) what he 
perceives in his environment. 
Intake The human is a perceiving creature. Through his 
senses he encounters his environment. But at no time is he 
taking in all that is available. What he sees, hears, and 
feels is selected and organized by him. 
Storage If you stop to think about it, it is fairly clear 
that what you perceive is a function of what you know. When 
I listen to music on the radio, I can usually tell when 
Beethoven is being played. I think I can tell the difference 
between Bach and Mozart, but I rarely notice mistakes in per­
formance, unless I am very familiar with the selection and 
the mistake is a bad one. Some persons cannot only identify 
every composer and opus, but can sense slight deviations in 
tempo and pitch which I could never detect. Critics and most 
good musicians have knowledge that enables them to make 
refined discriminations and to find meaningful patterns in 
what would seem far less meaningful to a musical layman. This 
is true in thousands of ways throughout our daily lives. We 
all develop specialized knowledge which sharpens and organizes 
our intake as well as our action. 
Systems Systems give you a structure for separating 
certain dimensions from the whole. They are tools for 
categorizing or characterizing your world, for extracting 
meaning from any encounter through analysis. 
If we could not categorize or analyze, we would have the 
enormous job of interpreting every encounter as a completely 
unique experience. Although we might recognize an encounter 
as having a vague familiarity, we could never know why this 
was so. Neither would we be able to describe, explain, or 
relate it to something else. Systems, then, are the instru­
ments by which we organize the similarities and differences 
of our world and which thus enable us to create the structures 
of our disciplines. 
Data We also provide children with data that has been 
generated by applying systems to encounters. When we state 
that Pike's Peak is 14,110 feet high, we rely upon somebody's 
previous application of the system of linear measure (feet) 
to the encounter of the mountain itself. The resulting state­
ment is data. 
Inference Data represent in effect discrete samplings of 
the environment. As one accumulates samplings, he begins to 
construct or abstract beliefs, theories, generalizations, or 
principles about the nature of the thing he is sampling. This 
is commonly known as inference or induction. 
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Visceral level The physiological needs of a child such as 
hunger, thirst, overtired, overconfined conditions. 
Social-ego pressures Psychological needs such as worry 
about failure and rejection. 
Closure When a person's knowledge seems incomplete or 
inadequate to him, when something puzzles him that he can't 
figure out, when he wants an answer, a solution, a final and 
satisfying explanation, he is said to be seeking closure. 
He is disturbed by the open-endedness of things. Closure 
motivation is common among children. Most people enjoy 
the satisfaction of finding new meaning where it was absent. 
They feel better about the world when all the parts fit together 
and they feel they have a handle on it. 
Curiosity This is very different from closure. Some people 
want to open the world up--to find new problems rather then 
solve old ones. There can be great pleasure and satisfaction 
in probing, wondering, and doubting, even when it never leads 
to closure. 
Power Knowledge is power, and many people pursue knowledge 
for that reason. Being able to predict and control one's 
environment gives one a sense of sureness and competence. 
Some people feel this more than others, but it cannot be 
ignored as a basis for motivation in learning. (49, p.29,78; 
51, p.27,66; 53, p.33,92,94) 
In implementing the experimental teaching approach, the Inquiry 
Development Program (TOP) was used. This program was developed by 
Suchman in conjunction with Science Research Associates, Inc., of Chicago, 
Illinois. 
Since the IDP is designed for teaching physical science for the 
entire school year, some adaption of the program had to be made for the 
five-week teaching experiment. The IDP in physical science includes 66 
problems, 25 presented in film, 29 with the teacher demonstration kit, 
and 12 in the student idea book. In adapting the IDP to the experimental 
teaching unit covering temperature and heat, only those problems pertinent 
to the subject-matter content of the unit were used. 
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An ID? problem consists of a discrepant event presented to the class 
either through an eight millimeter, silent film loop, teacher laboratory 
demonstration or by a written problem in the student idea book. A 
discrepant event is a scientific phenomenon which has been explained by 
the operation of scientific principles but Is not readily explained or 
understood by mere observation. For example, a problem or discrepant 
event is presented to the class using a silent, ei^t millimeter film 
loop. The film shows that a specific kind of knife blade (when heat is 
applied to the blade) bends only one way. No attempt, either by the 
teacher or through the film, is made to give students any data for 
understanding the behavior of the knife blade. 
After seeing the discrepant event, the students attempt to construct 
a reasonable theory to account for It. The inquiry session involves 
teacher-student interaction as well as student-student verbal Interaction. 
A major part of the inquiry session is often devoted to data-gathering 
questions raised by the students and answered by the teacher. 
The rules for conducting the inquiry session follow: 
1. Student questions should be phrased in such a way that they can 
be answered yes or no. 
2. Once called upon, a student may ask as many questions as he or 
she wishes before yielding the floor. 
3. The teacher does not answer yes or no to statements of theories, 
or to questions that attempt to obtain the teacher's approval 
of a theory. 
4. Any student can test any theory at any time. 
5. Any time the students feel a need to confer with one another 
without the teacher's presence, they should be free to call a 
conference. 
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6. Inquirers should be able to work with experimental kits, idea 
books or resource books at any time they feel the need. 
(52, pp.152-153) 
The experimental teaching program concentrated on the inquiry ses­
sion. As the rules for the Inquiry session imply, a permissive classroom 
climate prevailed. The teacher served more as a learning consultant than 
a director of student learning activities. 
The role of the teacher was to elicit theories from the students 
which explained the observed discrepant events. Students were encouraged 
to test their theories by having the freedom to use the classroom 
laboratory facilities and their student IDP experimental kits. Frequently 
brain storming sessions emerged From class discussion concerning how â" 
theory could be tested. 
Evaluation of subject-matter achievement was minimized. One testing 
period was devoted to the experimental group. However, during this one 
testing period, the students were not asked to answer questions about 
scientific principle in heat and temperature; but, on the contrary, 
students were asked to write test questions. 
Nearly 100 percent of the class time was devoted to the inquiry ses­
sion. The teacher's role was not one which permitted students to receive 
closure regarding their attempts at theorizing. The closure-seeking 
students had to find security by reading resource hooks and supplementary 
reading materials. 
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Teacher Inservice Education 
Teachers A and B were exposed to a short period of inservice educa­
tion designed to prepare them tor carrying out the experimental teaching 
program. Both teachers were free from teaching assignments daily from 
8:00 A.M. to 9:30 A.M. The inservice education period consisted of ten 
one-and one-half hour sessions. 
The innervice education program stressed student thinkinj as a 
process which leads to creafcivifcy, and, in audition, cùncentraLèù On Lhè 
behavior of the teacher in stimulating student productive thinking. The 
two teachers were familiarized with the IDP and its accompanying instruc­
tional materials. Various eight-millimeter films were shown that were 
appropriate for the content unit on temperature and heat. A phonograph 
record was obtained recording an inquiry session conducted by Suchman. 
Another source of material, which was found to be most helpful during 
the inservice education program, was an instructional unit on creativity 
(29). The unit had been prepared by Science Research and Associates, Inc. 
for teacher inservice education. This material contained several sug­
gested teaching techniques which were proposed to stimulate student 
creative thinking. In addition to the inquiry session, other teaching 
strategies such as brainstorming, group processes, and independent study 
were discussed as being applicable to the teaching program. 
The Teaching Program for the Control Group 
The teaching program for the control group consisted of a standard 
textbook supplemented by various reading materials. The teacher's func­
tion was basically to lecture and to lead a teacher-directed class 
discussion. The primary objective was to cover the unit subject-matter 
content thoroughly. The teachers held laboratory experiments with no 
attempt to involve students as doers but only as observers. 
The control group was exposed to short quizzes designed to evaluate 
subject-matter achievement. Teacher centeredness and domination of all 
learning experiences were the outstanding characteristics of the teaching 
program administered to the control group. 
Measuring Devices Used 
Achievement test 
To establish the levels of student achievement for the seven class 
sections, a pre-test was administered to all students one week before the 
experimental teaching period commenced. The pre-test was composed of 60 
multiple-choice type questions. 
In constructing the achievement test a variety of instructional 
materials was used from which to select test items. Teacher A, teacher 
B, and the researcher each submitted 50 test items for consideration in 
developing the achievement test. The test items were purposefully 
constructed to test for understanding and application of knowledge rather 
than testing for memory of facts. 
A pilot achievement test including 120 multiple-choice items was 
developed for the purpose of establishing test reliability. This test 
was administered to 110 ninth-grade students enrolled in the Callanan 
Junior High School located in Des Moines. The results of this test were 
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examined by doing an item analysis. Each of the 120 test items was 
analyzed as to difficulty and discrimination according to a set of 
criteria recommended by the Iowa State University Testing Center. The 
reliability coefficient for the pilot test of 120 multiple-choice items 
was 90.1 percent. 
After the pilot test was administered and the 120 test items analyzed, 
60 of the 120 test items were selected to be included in the final 
Instrument for testing achievement. This 60-item test was also adminis­
tered to the same 110 ninth-grade students enrolled at the Callanan 
Junior High School. A reliability coefficient of 88.6 percent was 
computed from the results. 
As a pre- and post-achievement measure the same 60-item, multiple-
choice test was used. However for the post measure the 60 test items 
were administered in a different order. The post-test was given to all 
students on the day following the end of the teaching period. 
Testing for creative thinking ability 
To measure the change in creative thinking ability a pre- and post-
test were administered to all students. The pre-test was entitled 
Creative Thinking With Words, Form A, and the post-test was Form B of the 
same test. 
This test was developed by Torrance and attempts to measure creative 
thinking ability. The results of the test are reported as a composite 
score which is comprised of three sub-scores. The sub-scores indicate 
ideational flexibility, fluency in thinking and originality. For a 
detailed description of this test see the review of literature. 
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The arduous task in working with Torrance's test Is the scoring. To 
assure consistency In scoring, all tests were scored by a team of 
employees working for the Personnel Press Publishing Company in New York 
city. This team has been trained to evaluate such tests. 
Statistical Analysis of Data 
Complete data on pre- and post-tests of achievement and creativity 
were collected from 185 of the 204 eighth -grade students. Of these 185 
students, four class sections with a total number of 96 students 
represented the experimental group, and three class sections with a total 
of 89 students represented the control group. 
Mean-gain comparisons were made between the combined experimental 
and control (E and C) groups as well as between the class sections (e^, 
62, eg and e^) which were in the experimental teaching program and the 
class sections (c^, C2 and eg) which were in the control teaching 
program. The statistical procedures employed in examining the data were 
analysis of variance and multiple comparisons using the least significant 
difference (l.s.d.) method, (77, p.350) 
A correlation matrix was developed to study the relationship existing 
between creativity and seventh-grade grade point average (CPA), IQ, marks 
in seventh-grade mathematics, scores on the physical science test which 
was constructed for the teaching experiment and seventh-grade composite 
scores on the Iowa Basic Skills Test. Wert (72, p.424) was used in 
determining the significance of the r values reported in the matrix. 
At the end of the experimental teaching period, all students were 
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asked to complete an attitude scale designed to elicit their Interest 
in science. The answers to the questions on the attitude scale were 
constructed in a bi-polar fashion enabling the students to select a number 
from one to seven to indicate the degree of their interest. The attitude 
scales were analyzed by conq)aring the mean scores between the experimental 
and control groups using analysis of variance. 
Assumptions Applicable to Tects of Significance 
1. Teachers A and B are equally competent in applying the experi­
mental teaching program. 
2. Teachers A and B are equally interested in applying the 
experimental teaching program. 
3. Differences in class sizes ranging from 25-33 will not affect 
the application and results of the experimental teaching 
program. 
4. Any attltudinal differences between students in the experimental 
and control groups toward science at the end of the experiment 
may be attributed to the experimental teaching program. 
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RESULTS 
Findings 
In presenting the findings of the teaching experiment, the ir.ean-gain 
scores on measures of subject-matter achievement and creativity were 
compared by combining the class sections into oae control and one experi­
mental group. All statistical tests reported in the findings chapter 
were based on the C'Vabined groups. Complete data were collected on 185 
of the 204 sf.'ients participât!n; in the study; 89 control students and 
96 experimental students. These combined groups are designated as E f-r 
the experimental students and G for the control stadento. 
The experimental group is composed of four class sections identified 
as e-, , 62, cg and The combined control group is composed of three 
class secti ms labeled as C|^, and cg. Since the null hypotheses were 
tested by examining differences between the ccmLined experimental and 
control groups, the multiple comparisons of the individual class sections 
were not reported in the findins'.s chanter. The Appendix contains tables 
in which subgroup comparisons nn -nean-gain scores are shown. 
'•lean-jain scares on "reative thinking measures were examined by 
analyzing subscores for flunacy, flexil'illty and originality. A total 
cre/^ti^'ity score was cor.pu'-ed by adding t'le T-scores of the three 
subtests. 
Test of hypothesis 1 
Hypothesis 1 was stated as follows: There is no difference in gain 
scores between the experimental and control groups on tests of subject-
matter achievement. 
The performance of the students it; the experimental and control 
groups on a pre- and post-test oc achievement neasurin^ growth in 
physical science sab jet mac tor is preaented ia Table 1. 
Table 1.. Subject-matter achievement means on pre- and post-tests in 
physical s-ience 
He an 
Group Pre-tnsts Post-tests d if cerence 
1: 31.32 37.87 4.0? 
C 32.15 41.00 3.64 
A comparison of the mean- jain scores on subje-^t-raatter achievement 
for the experimental and control groups is presented in Table 2. 
Table 2. Difference in mean-gain scores on subject-matter achievement 
Mean-^ain Mean difference Standard error 
scores in o E df F 
E C gain scores mean difference 
6.05 8.64 2.59 0.89 171 3.23** 
"'^Significant at the 1 percent level.. 
As can be observed in Table 2, students in the control teaching 
program gained significantly more in subject-matter achievement than did 
the students in the experimental program. Therefore, hypothesis 1 was 
refuted in favor of the control teaching program. 
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Test of hypothesis 2 
Hypothesis 2 was stated as follows: There is no difference in jain 
scores between the experimental and control groups on tests of creative 
thinking ability. 
In testing the aforementioned hypothesis, differences between the 
experimental and control groups in mean-gain scores for fluency, flexi­
bility, originality and total creativity were examined. 
The performance of the students in the experimental and control 
;j,ro'jpy on pre- and post-tests measuring the fluency dimension of 
creativity are reported in Table 3. 
Table 3. Fluency means on pre- and post-tests of creative thinking 
Mean 
Group Pre-tests Post-tests difference 
0 .16  
3.76 
E 
C 
52.60 
49.21 
52.76 
52.97 
A comparison of the mean-gain scores on fluency for the experimental 
and control groups is presented in Table 4. 
Table 4. Difference in mean-gain score on fluency 
Mean-gain Mean difference Standard error 
scores iu of df F 
E C ;;ain scores -nean difference 
0.16 3.76 3.60 1.15 171 9.32** 
''^'Significant at the 1 percent level. 
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The data in Tabid 4 show that the control students gained signifi­
cantly more on fluency measures than did the experimental students. 
Hypothesis 2 was rejected in '"avor of the cor.trol teaching program when 
considering the fluency dimension of creativity. 
Table 5 contains the mean scores on pre- and post-tests of creativity 
measuring th? flexibility component of creativity. 
Table 5. Flexibility neans on pre- and oost-tests of creative thinking 
Croup Pre "t Cot;: Post-tes ts d 1 f f e r enc e 
E 61.40 62.55 1.15 
C 59.04 60.67 
A comparison of the mean-^ain scores on flexibility for the experi­
mental and c'ntrril -^rnupp is presented in T.ible 6, 
Table 6. Difference in -nean-gain scores on flexibility 
Mean-gain Mean difference Standard error 
scores in of df F 
E C Rain scores mean difference 
1.15 1.63 0.48 1.46 171 0.10 
In examinin- Table 6. one finds that the mean-gain scores of the two 
groups do not differ significantly. When considering tlie flexibility,' 
dimension of creativity, hypothesis 2 was retained. 
Table 7 contains the means on pre- and post-tests of creativity 
scored for originality. 
59 
Table 7. Originality means on pre- and post-tests of creative thinking 
Mean 
Group Pre-tests Post-tests difference 
E 47.70 50.15 2.45 
C 43.65 51.00 7.35 
The comparison of the raean-^ain scores for originality is presented 
in Table 8. 
Table 3, Difcerenrc in mcan-^ain scores on originality 
Mean-gain Mean difference Standard error 
scores in of df F 
E C gain scores mean difference 
2.45 7.35 4.90 1.35 171 13.15** 
**Significant at the 1 percent level. 
As can be absented in Table 3, students taught by the control 
teaching program gained significantly more on post-tests of originality 
than did the experimental students. Hypothesis 2 was refuted in favor of 
the control teaching program when considering the originality dimension 
of creativity. 
The performance nf the two groups of students on pre- and post-tests 
of creativity scored f3r total creativity is presented in Table 9. 
Table 9. Total creativity means on pre- and post-tests of creative 
th in kin;" 
Mean 
Group Pre-tests Post-tests d i ffcrence 
E 161.71 165.46 3.75 
C 151.91 164.65 12.74 
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The comparison of the mean-gain scores on total creativity is 
reported in Table 10 
Table 10. Difference in mean-gain scores on total creativity 
E C 
Mean-gain 
scores 
Mean difference 
in 
^ain scores 
Standard error 
0 f 
mean difference 
df T? 
3.75 12.74 8.99 3.13 171 S.21** 
Significant at the i percent levai. 
The statistical analysis reported in Table 10 sb.ows that the st-dents 
in the control teachinj program gained significantly morf oa post-tests 
measuring total creativity than die the experimental stjdcnts. Hypothesis 
2 was rejected In favor o! the control students. 
Test of hypothesis 3 
Hypothesis 3 was stated as follows; There is no difference in 
attitude toward science classes between the experimental and control 
groups. 
To test hypothesis 3, an attitude scale was co.istructed which yielded 
3 numerical ratin--; i^di^aLin^ a lilcin. : or disliking foi- science classes. 
A high nu^nerical rating indicated a lihin;'; For ci en ce classes and a low 
n'..rlerical rntir.'- indicated little interest or a disliking', for science 
classes. A c:py '.if the attitude scale can be found in tlie Appendix. 
Th'^ mem numerical ratines for the experimental and control groups 
on tlie attitude scale as well as the restiIts cf the F test are presented 
in Table 11 . 
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Table 11. A comparison o 
scale for the 
f the mean numerical ratings on 
experimental and control groups 
the attitude 
Mean rating score 
E C 
Mean difference in 
rating scores df F 
24.7 20.5 4.2 183 9.53** 
'"''significant at the 1 percent level. 
r* — p « • • , 1 f- «•' . » — p t: c 11 <•: r ir.T 1 •> h 
the experimental students scored higher on the attitude s cale and conse 
quently indicated more interest in and liked science more than the 
control students. An assumption was made in Chapter 3 which was stated 
as follows : Any difference found in attitude between the experimental 
and control students toward science classes will be attributed to the 
teaching approach used. Therefore, hypothesis 3 was rejected la favor 
of the experimental teaching program. 
Test of hypothesis 4 
Hypothesis 4 was stated as follows: There is no relationship 
between scores on measures o? creative thinking ability and 10, 
To test hypothesis 4, a correlation matrix was developed using 
creativity scares, marks o F academic performance and IQ scores obtained 
from ;:he 185 students involved in the study. Table 12 contains r values 
whicb indicate the degree of relationship between scores on creativity 
measures and the Otis Quick-Scoring 10 test. 
In examining Table 12 one finds r values ranging from .189 to .236 
Table 12. Correlations showing the relationship between scores on creativity, IQ and 
academic performance measures for 185 eighth-grade students 
IQ Marks of Academic Performance Creative Thinking Measures 
IQ.Otis 
Quick 
Scoring 
1 
Grade 
Point 
Average 
7th Gr. 
2 
la.Bas. 
Skills 
Tests 
7th Gr. 
Comp. 
3 
7th Gr. 
Math 
Marks 
4 
Pre-
Ach. 
Test in 
Physical 
Science 
5 
Post-
Ach. 
Test in 
Physical 
Science 
6 
Pre-
Fluency 
7 
Pre -
Flexi-
bili ty 
8 
Pre-
Origi-
nality 
9 
Post-
Fluency 
10 
Post-
Flexi­
bility 
11 
Post-
Origi­
nality 
12 
10. Otis Quick Scoring 1 1.00 
Grade Point Average 
7th Grade 2 .616 1.00 
Iowa Basic Skills Tests 
7th Grade Como. 3 .795 .777 1.00 
7th Grade Math Marks 4 .561 .803 .714 1.00 
Pre-Ach. Test in 
Phvsical Science 5 .561 .503 .648 .462 1.00 
Post-Ach. Test in 
Phvsical Science 6 .553 .531 .651 .526 .769 1.00 
Pre-Fluencv 7 .189 .181 .200 .166 .114^ 
a 
.065 1.00 
Pre-Flexibilitv 8 .286 .269 .314 .239 .169 .168 .778 l.OC 
Pre-Orieinalitv 9 .214 .336 .306 .370 .203 .148 .631 .592 1 .00 
Post-Fluencv 10 .190 .280 .261 .284 .193 .213 .726 .652 .556 1.00 
Post-Flexibility 11 .276 .392 .332 .357 .262 .268 .646 .660 .587 .861 1.00 
Post-Orieinalitv 1 2 .216 .288 .253 .313 .262 .319 .533 .511 .469 .783 .712 1.00 
^These two values are nonsignicicant, all other r values are significant at the 1 per­
cent level; r values enclosed in the box indicate the relationship oetween scores or 
measures o- creative thinlcing ability and scores on IQ and academic nerfor-mance measures. 
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which indicate a positive relationship between the three dimensions of 
creativity--fluency, flexibility and originality--and IQ scores. Although 
these r values ?re low, all are significant at the 1 percent level. 
Hypothesis 4 was rejected. 
Test of hypothesis 5 
Hypothesis 5 was stated as follows; There is no relatior.ship 
between scores or, measures of creative thinixing -'-il'^v And mnrks of 
aoac lv i l l i . ;  n co .  
The cjrrelat i:n -riatrix -vintained In Tib In 12 was ;iscd i/' tcstin; 
Hypothesis 5. The r values irdicatinj the relationsliip between creativity 
scores and marks of academic performance range from, .065 to .392. 
Althou;^h these r values arc low only two of them fail to be si-^ni fleant. 
Tlie two r values, . 114 and .065, indicate no relationship between 
pre-f1 .i-?ncy scor'^s ami scc-'re? or. pre- and post-tests in physical science. 
Since 28 of the 30 r values are significant at the 1 oercent level, a 
positive 3'elatior.sh\3 b e twe en creativity ^ cores and narlci: :'f academic 
performance exists. ;iypoth'--sis j is rejected. 
Test of hypothesis 5 
ilypothesis 6 was stated as follows: There is no se:- liffercnce oa 
scores of creative thinkin:: ability measures. 
To test hypothesis G the- ;uean scores accord" nj to cex. were •••'T.ipared 
^ov the various .tea sur es of creat Ivity. Of tl'C 185 students involved in 
the study, 34 were -^irls nnd IG.l were ••oys. 
'Jounnriso'is o ; the p»rf:;rmances of boys an'-' rIs jn r.i'jasuros of 
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creativity arc presented in Tnble 13. 
In examining the data in Table 13, one ri-ids the ,/.irls scoring 
significantly higher than the beys on post-flcxihility, pre- and post-
originality, and post-total crnativity measures. The girls also scored 
hiijher tiir.n the boys on post-1luency^ pire-Elexibility and nre-total 
Table 13. Mean scores in creativity measures according to six 
Creativity Mr a a sr.oi cs Mean Standard 
taeaiiures i''c:na]e Male u i :'l'crence error of d I: F 
d i, r t^orenco 
1, ?re-fluency 50. 77 j1. 14 n _ 35 ]_,  56 171 0 .05 
2. Post-fluency 54. 64 51.3S 3. 25 1. 68 171 3 .72 
3. Pre-flexibility 60. 65 59.95 0. 70 I. 72 1.71 0 .16 
4, Post-flexib ility 63. 69 59.95 3. 73 ]. 83 171 3 .95* 
5. Pre-ori^inality 47. 14 44.60 2, 53 0. 97 171 6 .77** 
6. Post-crijinality 52. 20 49.20 3. 00 ]_ 5^ 171 3 .95* 
7. Pre-total 
creativity 158. 57 155.69 2, 87 3. 82 171 0 .56 
% Post-total 
creativity 170, 53 160.53 10. 00 4. 73 171 4 .46* 
^ Significant at the 5 percent lev^l. 
'"Significant at une 1 percei-.t love ' . 
creativity Pleasures u':t net significantly hijier. The boys scored higher 
than the [^irls on only one measure; this was pre-fluency, aypothesis 6 
is rejected on four of the creativity :neasures, and on fuur of the 
creativity measures, hypothesis 6 was retained, However, higher 
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performances on measures of creativity were in the direction ot the girls. 
An interesting finding in this experiment, although not presented as 
a testable hypothesis, concerned Che teachers* ability to identify highly-
creative students. Teachers A and 3, who were involved in the teaching 
experiment, were requested to name from the 204 students enrolled in the 
fi(:hth-grade class 35 students who were thought to be the most creative. 
These 35 students were then compared to the 35 top-performing students on 
post-measures of total crcaLiviLy. zourteeu où tliv students selected by 
the teachers were included in the 35 ton-performin.^ jrcup. The teachers 
involved in this study were able to identify 40 percent of the 35 top-
performing students on post-measures of creative thinking ability. 
Summary 
The performances of the students in the control and experimental 
teaching programs were compared by analyzing mean-^ain scores on pre- and 
post-tests of subject-matter achievement and creativity. The statistical 
tests applied to mean-yain differences between the experimental and 
control students favored the control teaching program on nearly all 
variables investigated. The control teaching program yielded signifi­
cantly higher gains in subject-matter achievement than did the 
experimental teaching program. On measures of creativity, the control 
teaching program surpassed the experimental program by yielding signifi­
cantly higher gains on. fluency, originality and total creativity measures. 
Only on the flexibility dimension of creativity there was no significant 
difference found between the control and experimental program. 
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A significant positive relationship was found to exist between 
creativity scores and performances on IQ and acadamic achievement 
measures. The r values indicating positive relationships were low but 
nevertheless significant. 
Students in the experimental teaching projjram indicated more 
interest in and a 'ikinj -or science classes than did uhc students in 
the control teaching prcjra^. This was evident by n statistical ar.alysls 
of tbnran-numcrical iroitln^ on the utci.tedi-: s:ale, 
Scr. d if'icre'un'S i i  favir of the were found vli.en c"a:nin \ n;,; the 
performances on creativity measures, l'hc jirls scored significantly 
higher than boys on four of the eljht creativity measures used ia the 
experiment. 
The teachers who c^op'erated in this teaching experiment were able 
to identify 40 percent of the 35 top-perfornin^ students on :ie,isi'rcs of 
creative thinking ability. 
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SUieiARY, CONCLUSIONS RECOICE^IDATIONS 
Summary 
This study was ?. î:e?:hi".^ experiment in which the in/ii'iry 'leth'.:"-! n? 
teaching was rmpliycd. The experiment "^ocused a physical science 
instructional unit coverin^^ course content on heat and temperature. The 
e;:pcrii?.ental teaching program was tested for its effectiveness in culti­
vating student creative thinhin;- ability as well as providin^ for student 
growth in subjeot-rnaLter content, Tin. exper Liuental Leach:.ur'. alratc^y 
was adapted from the Physical Gcience inquiry Drveicprneut Pr^^ram (IDP) 
which is produced and marketed b}' Science Research Associates, Inc. 
Purpose 
The purpose of the study was to obtain evidence in an attempt to 
answer the following general questions: 
1. Can student creative tilinking abilities be cultivated in the 
classrooa? 
2. Can students progress in subject-ir.att?r content and creative 
thinkin^ abilities simultaneously? 
3. How does tlie inquiry teachin'^ approach compare with the 
teacher-centered, more traditional Leaching method in yielding 
student crowth in creativity and subject-matter content? 
4. T'That is the relationship between scores on tests of creativity 
and measures of academic performance and IQ? 
5. Are there any sex differences on scores of creativity measures? 
Experimental procedure 
To investigate the general problem areas before mentioned, a teachin 
experiment was conducted which involved 204 eijhth-grade students. These 
students were distributed over seven class sections. 
A preliminary investigation indicated that the seven groups of 
students were homogeneous with respect to past academic performance. 
Two teachers participated in the teaching experiment. Teacher A 
taught four class sections while Teacher B was responsible I'or three 
classes. Two of the four classes tau-ht 'ly Teacher A •ind two of the 
tb.ree classes taught by Teacher B were randomly selected as experimental 
classes. The remaining three classes represented the control group. 
At the outset of the experiment, all students were given a ore-test 
in subject-matter over heat and temperature as well as Torrance's tests 
of creative thinkin^. For five weeks following the pre-tests, the 
experimental classes were taught employing the Inquiry Development 
Program, and the control classes were taught by teacher lectures, demon­
strations and teacher-cenLered discissions. The experimental students 
were exposed daily to inquiry, student-theorizing sessions. These ses­
sions emerged from a problem that had been introduced to the class either 
through a filmstrip or teacher demonstration. The inquiry problems 
exposed the ;7tudents t: scientific benavior of heat and te...pcracure but 
left for the students to theorize a!;out the cause of tbe observed event 
or scientific behavior. The teacher 'iiade fpw attempts to give the 
students the scientific princinlcs expiaining the observed event. 
Students had available instructional materials expiai nin^j the scionci'ic 
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phenomena presented in the inquiry problems. Th^i control students 
-fnlljwed closely a texthool: aid concentrated on subject-matter coverage 
and understandin'Z. 
Immediately following the fiv?-week period, a11 students were 
exposed to post-tests o- creativity and subject-matter achievement. 
Complete data were col Iccter o/i of the ' Jl ctu:'c-nvs in the c cperi' 
''.tentai cvojp and on 39 or the 93 studp;irs enrolled in the control classes. 
To cxa -.t.i.iie Lite cTI'erttrencss .* f-hc eroccÎMeiM-;'I eac'n ' r pro .-m»! 
a:> w.'L 1 3 s t " i .ces t i. :ite s Tt r <" : -yr'.n'Je ^'c ' a'; loi-iL;li los I: c creaLjv 
thinkin.:, a'il Lt \ . the ,'o IL'Win_\ hypotheses were forr. ilated ; 
1. There is no difference in gain scores between the experimental 
and control ^lOLips on tests of iubjec'c-mitter achievement. 
2. There is no difference in ;.;;aii scores between the experimental 
and control xro'ins o- tests o" creative th I ability. 
3. There is no dicference in attitude tcvard science •-''.nssef; between 
the ecperi'aen;.al ?nd : îictr c i  stndrnts .  
. There i; relat : -^nsb : p ''Otween scopes ^eascrcc o -reatlvc 
t!i;n':iOj abilicy air' T-;. 
5. There is nc rclati'^nsbip bet\'''e:i s : ires nn ;cca:-:cres o'" ireati- p 
r b  l o . b  '  - b l l i t y  :  c . d  ' t a r k ' :  o ;  - c a d e : : ; i c  p e i r f  o v m a : e .  
6. The re l3 n c sr:: dif:"eren"0 on s c ere s of crcaticre Tiiin"':! n : 
ab-lity measures. 
kesu] tf': 
In evd'cat^ cc, the effectiveness riie •xiperlicectal teachcnc nro rari, 
differences in mean-gain scores on pre- and post-tests of subject-matter 
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achievement and creativity verc analyzed. The results of the statistical 
tests were: 
1. Hypothesis 1 was rejected. The control students made signifi­
cantly greater gains in subject-matter achievement. 
2 .  Hypothesis 2 was rejected on three of the "oar creativity 
measures. The -"ontr^l stJ-dcnts made si;-nifi:antLy hi,, hfr -^ins 
o'.i the fluency and originality drrnensions oj creativity as v/ell 
as total -•roativi.ty cores, There was no d • "ference i n nean-
;.ain s cores i-r tw^en the cxpcrjuentn! nn.d -ontr'^i stade.-.t;; ; n tl;c-
L'lcrdbility dimension oi? creativity. 
3. Hypothesis 3 was rejected. The e;:peri;nenta', students indicated 
a significant difference in attitude towaj-d science classes. 
The experimental students showed more interest in and liked 
science classes more than tho control students. 
Tc test the folbwiuj two hypotheses, scores for the 185 students on 
pre- and post-creativity measures, the Otis Quich-ScorLnjj Intelligence 
Test, scventh-^rade GPA, 'oinposite scores for the scventh-^rade Iowa Basic 
Skills Tests, marks i'l seventh-^rade mathematics, and the pre- and post-
experimental achLevenent test were correlated and presented in a matrix. 
4. ::ynrithesis & was rejected, k significant positive relationship 
e":isted letwcen scores on creativity measures ^ ::d performances 
on the Otis Quick-Scoring Intelligence Test. 
5. hypothesis 5 was rejected. A si-ni'leant nositive relationship 
existed between scores on creativity iiieasures and marks 
i,id i cat in,'; academic oerformavice. Only two c; the 30 r values 
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showing the relationship between creativity scores and academic 
achievement were n•insignificant;, The pre-fluency score on the 
test of creative thinking ability did not relate significantly 
to scores on the pre- and post-experimental achievement test in 
physical science. 
In testing the L'ollowin- hypothesis, luean-score performance on pre-
and post-tests of creativity were analyzed according to sex. Mean 
differences by sex were statistically tested. 
6, Ilypotlresis 6 wns rejected on four of the -ri-ativity luer.j; u'cs in 
fnvor of the girls. Also, on 'our of the creativity •iiP.asurcs, 
hypothesis ô was accepted. The ^irls scored significantly 
higher than the boys on post-flexibility, pre- and post-
originality, and post-total creativity measures. The girls also 
scored higher than the boys on post-fluency, pre-flexibility and 
pre-total creativity measures but not significantly higher. The 
boys only scored hipher thao the girls on one :neasare but not 
significantly hicher; this w;3s pre-fluency. 
An additional finding, not presented as a testable liypothesis, con­
cerned the ability of teachers to identify creative talent. L ;':h 
teachers involved in the experiaent were re^yuested to vilIc'-ornte and 
identify the 35 -nost creative students in the eijhth-^rade class of 204 
students. The "5 students selected by the teachers were compared to the 
25 top-per f orir.in students on the post-test of -.•rentive tlii^îkicy ^\il..ty. 
Of the 35 t\')-pcrf ortnin ; students on tests of creativity, 14 "ere 
Identified by the teachers. The teachezc invol vcd io the '.xperi ::ient -'ere 
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aile to identify 40 percent of the 35 most creative students. 
Limitations of the Study 
There arc certain limitâtiois in an experiment or this nature, and 
some of these limitations arc believed to center :.tpon the 
i.s sues : 
I. The tea'^ber inservice ecu rat i on period i r a s  relatively short to 
ù'.pc- 't; teachers t m completely cu.t-; < their method oC Leaching. A" though 
the teachers i-i the e:;pcriincnt appeared r o he i iple-ncnt i n- tho i 
teaching approach satisfactorily, so;iie question could arise a^- t .i whethrr 
the philosophy behind iaqoley tepchin^ was co.ipicLely «ndcvstjcd. 
?.. The experimental teaching strategy, the Inquiry Development 
Program, was designed to be implei.ienred '^•ir à ^'u''1 sch'-'ol year. The 
experi tient adapted the program to a five-week ins tr ie t lonal program. A 
teaching experiment lasting only five weeks may not be ].oo % enf.uyh to 
adequately evaluate the teachiny program. 
3. The teachers involved in the experiment as well as the researcher 
questioned t'le testing instruments used. If there were student benefits 
derived 'rom tiie i:equity teachiaj anpr )a:h, perhaps tests have yet to '-e 
developed in order to properly assess these benefits. 
Discission 
The inquiry teaching approach sb.ifts the responsibility For student 
learning from the teacher to the students. The researcher believes that 
most students have noL been accustomed to assominy responsibility for 
learning. F()r students to assume a huge portion or the responsibility 
for learning requires mich motivation cu the part of the teacher and may 
take years to develop. 
The researcher as wel.l as the teachers involved in the experiment 
were surprised by the Findings of the experiment. It was anticipated 
that the experimental teaching program would be superior to the control 
projram in cultivatlnj student ^r^wth, in creative thinî.inr,, abilities. 
The basic criticism oC the c:.pcrimental teachiirj orc-fram expressed 
l.>y the; teacher^ inv:)lv<;d concerned tlie la::i; o" _:bje--t-matter ccvera^-e. 
Students were %erm:tted to ponder, think and test their individual 
theories in an eZCort tu explain scientific phenomena; chis procedure toe 
time. 
liDwever, the reason why the control teaching program excelled the 
experimental teaching program in yielding, student growth in creative 
thinking abilities is difficult to establish. One possible explanation 
may be that science, more than any other subject-matter discipline, is 
:ostering creative thinking ability among students. Science textbooks, 
instructional materials, and science teachers have i.aproved in quality 
immensely si.ice the .'ati^nal Defense Education A.ct of 1953. Many science 
textbooks contain material wh ich is presented in a i-r-st interest: n;_; 
Cashi^n. Also, many science textbooxs emphasize tb.e wbj-'s and how's oJ 
scientific principles more than strai-ht oresentations o" factunl 
nacerial. 
The inquiry reaohiy. approach jsed in this experiment appeared to 
neglect the need for students to have a basin fc jndat i o^.i of scientific 
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knowledge. Without a basic reservoir oT knowledge, it; is difficult to 
surmise that productive and creative thinking will occur. 
Conclusions 
On the basis of the findings in this investigation, the following 
conclusions were drawn: 
1. Inquiry teachinj in physical science is nJt as effective as 
teaclier lectures, dcmunstratiiiis a.id teacbcr-ceatered class 
discussions Ili obtaining; student vrowth in subjert-natter 
achievement. 
2. Inquiry reaching in physical science is not as effective as 
teacher lectures, deaonstrations, and ttaclier-ccntered class 
discussions in obtaining student growth ir creative thinking 
abilities. 
3. Student < rowth in creative thin.kln;? abllitv and subject-matter 
achieveiLient can be cultivated inv.iltaneously by teacher-centered 
i ns t rue 11una1 activ11 i e s. 
4. Student cr.iwth in creative thin'-.lrt al M. Ley and S':bject-irai':ter 
achievement are being ^ostercd by sdeuce teachers who employ 
tea-.her-centcrfc , instruit io-ial activities. 
Ï, Incuiry teacb. :> n sclCji.ct; sho /id be used -'s a periodic, 
sapnlemeatal teaching -.pnr.iacb. which wl^ l 'end t ' notlvatc 
student interest 'n K^ience. 
6. "i;;ls show n tendency ti scire blybe: jn /prbal /^zaures .)^ 
creat'.-'e !;bi;\:i'-y ability' than co boys. 
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7. If teachers were to attempt an identification of their most 
creative students, chances are that over half o' the most 
creative students would not be recognixed. 
8. There is a relationship between creative ability and academic 
aptitude and achievement. However, this relationship is slight, 
Recommendation for Additional ilcsearch 
The exploratory nature, of this study sJfers only a tentative 
evaluation oi; the inquiry teaohin , approach. To substanLiatc t'le 
findings of this investigation, the following activities may prove 
valuable. 
1, The study should be replicated with the experiment continuing 
for an entire school year. 
2, The students involved in this study should be catejorized as 
either high, average or low in academi; aptitude. Then, the 
test results could be analyzed in an effort to determine 
whether the inquiry teaching; approach was more suitable for 
hi3h, average or low ability students. 
3, The reliability (xf Torrance's test, Thin'.cinc;. Creatively with 
TTords, should be ercamined by administering the tests a^ain to 
the students who participated in this study. This would not 
only help to check the reliability of the test bjt would help 
determine whether the -alns in creative thinking, ability 
experienced by t'lc control students were maintained. 
76 
4. A teaching experiment employing inquiry teaching should be 
conducted in another discipline, that is, lan^ua^e arts nr 
social studies. 
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APPENDIX 
Post-Experimental Attitude Scale 
HOW MUCH DO YOU LIIŒ 
1 O -* •? o r'> f T 
LIKE A LITTLE 12 3 4 5 6 7 LIKE A LOT 
2. to participate in discussion in science class? 
LIKE A LITTLE 12 3 4 5 6 7 LIKE A LOT 
3. to participate in science class experiments and demonstrations? 
LIKE A LITTLE 1 2 3 4 5 6 7 T.IXE A LOT 
4. reading magazines and books about science? 
LIKE A LITTLE 12 3 4 5 6 7 LIKE A LOT 
5. to do extra for science class? 
LIKE A LITTLE 1 2 3 5 5 7 LIKE A LOT 
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Experimental Achievement Test 
PHYSICAL SCIENCE TEST OVER 
HEAT AND TEMPERATURE 
The term "adhesion" refers to 
a. the force that holds molecules of the same material together. 
b. the force that forces molecules of the same material apart. 
c. the force that holds molecules of different materials toi^ether. 
d. the force that forces molecules of different materials apart. 
Which 0': the foll^^ing rppresants the best reason why water is rarcl 
used in a thermometer. 
a. Tracer is d?*f{.culr r.n see, 
h. Water wouId evaporate too easily. 
c. Water, when frozen, expands greatly and would break the ^lass, 
d. Water, when "rozen, contracts greatly and would be difficult 
to see. 
Which of the following would make the best insulator? 
a. copper 
b. water 
c. air 
d. a vacuum 
ileat waves from the sun reach us by means of 
a. radiation. 
b. insulation. 
c. convection currents. 
d. conduction. 
TxfO houses are sitting side by side, one with snctf on the roof and 
one with snow on the roof. What conclusion could you draw? 
a. Both are well insulated. 
b. Both are poorly insulated, 
c. The house with no snow on the roof Is well insulated, while the 
other is not. 
d. The house with sno^-7 on the roo^ is well insulated, while the 
other is not. 
The wind in our atmosphere is an example of 
a. radiation. 
b. insulation. 
c. convection currents, 
d. conduction. 
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7. On a very hot day, you touch the black fender of a car with one hand 
and some chromium of the car with the other hand. What should be 
the results? 
a. The chromium is cooler than the fender. 
b. The fender is cooler than the chromium 
c. They feel the same, as far as the heat is concerned. 
d. None of the above. 
8. A thermometer with some cloth saturated in alcohol and wrapped 
around the bulb will cause the following results. 
a. The temperature of the thermometer will remain the same. 
b. The temperature of the thermometer will go up. 
c. The temperature of the thermometer will down. 
d. The temperature of the cloth will go up. 
9. On a warm day, and with the air almost saturated with moisture, 
which of the following conditions exist? 
a. The moisture in the air makes you Cee] cool, 
b. You feel hot because the moisture cannot evaporate from yjur 
skin. 
c. You feel no different than any other time. 
d. Your skin feels extremely dry. 
10. In ice, molecules 
a. move the same speed as molecules in water. 
b. move much faster than the molecules in water. 
c. move much slmzer than the molecules in water. 
d. are ia suspension and do not move at all. 
11. Radiant heat is most closely associated with 
a. cosmic rays. 
b. ultra-violet rays. 
c. infrared rays. 
d. gamma rays. 
12. PHiy are not air coolers such as are found in Arizona, Nevada, 
Iiew Mexico, etc. found in Iowa? 
a. Our humidity is too low, and the evaporation would be too rapid. 
b. They are much more expensive than air conditioning. 
c. Our humidity is so high the evaporation within the air cooler 
cannot take place, 
13. What happens to the freon chemicals after they have been evaporated 
in the refrigerator? 
a. They are condensed and used again. 
b. They are released to the outside and new freon used. 
r. They coat the freezing tray. 
d. They are used as a lubricate for the electric motor. 
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14. As temperature of a substance increases, the substance 
a. forms a liquid. 
b. expands. 
c. contracts. 
d. forms a gas. 
15. Meat is believed to be 
a. an invisible substance that enters and leaves a r^aterial. 
b. an energy produced by molecular action, 
c. a substance produced only by a chemical change. 
d. none of these, 
16. Which of the following objects will most readily abrorb heat? 
a. highly polished aluminum foil 
b. a rou;;i;h black surface 
c. à SùmOLli tiUrLàCê 
d. a rou white r.nrface 
17. The blower in a furnace may be controlled by a 
a. thermometer. 
b. thermocouple. 
c. thermostat. 
d. thermograph. 
18. 20° centigrade is equal to 
a. 78°? 
b. 104°F 
c. 68°P 
d. 18"K 
19. If a piece of copper is placed in water, heal must [{o from the 
a. water to the copper. 
b. copper to the water. 
c. water and copper to the air. 
d. warmer substance to the colder. 
20. The uneven expansion of metal is the basis for the operation of the 
a. alcohol thermometer. 
b. mercury thermometer. 
c. vacuum bottle. 
d. thermostat. 
21. Cases are good insulators because 
a. they prevent: convection current. 
b. their molecules are far apart. 
c. their molecules move slowly. 
d. tliey cannot be compressed. 
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22. Hammering a nail or rubbing two pieces of metal together produces 
heat by causing 
a. molecules to move faster. 
b. molecules to move slower, 
c. contraction. 
d. expansion. 
23. Shiny aluminum foil sometimes is used in the walls and ceilings of 
buildings because 
a. it is fire resistant. 
b. it is a good conductor of heat energy. 
c. it reflects radiant energy. 
d. noue of these. 
24. When you touch a cold doorknob, your hand feels cold. This is due to 
a. poor circulation in your hand, 
b. heat being transferred away from your hand. 
c. cold bein^ transferred away from your hand. 
d. none of these. 
25. -273* centigrade equals 
a. 0° Kelvin. 
b. 50° Fahrenheit. 
c. 273° Kelvin. 
d. none of these 
25. The movement of smoke particles in an airtight chamber is due to 
a. the attraction of molecules. 
b. air current within the chamber. 
c. the movement of molecules. 
d. none of these. 
27. The spinning of a pinwheel above a flame illustrates that 
a. air is in motion. 
b. warm air rises. 
c. a pinwheel is easy to turn, 
— .d. none of these. 
28. Heat is transferred tbro-'.gh solids mainly by 
a. convection. 
b. radiation. 
c. conduction. 
d. none of these, 
29. Wind is a good example of 
a. radiation. 
b .  conduction. 
c. infrared rays. 
d. convection. 
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30. Air at the highest temperature in a room can be found 
a. along the side of the walls. 
b. along the floor, 
c. along the ceiling. 
d. in the center or the room. 
31. Temperature decreases with an increase in the 
a. density of the air, 
b. humidity. 
c. elevation. 
32. Heat energy causes matter to 
a. expand. 
b. contract. 
c. keep the same volume. 
d. have a squeezing moIccular action. 
33. A cubic foot of warm air contains 
a. fewer molecules than a cubic foot of cold air. 
b. more molecules than a cubic foot of air. 
c. no way of determining. 
d. the same number of molecules as a cubic foot of cold air, 
34. When it comes to absorbing and losing heat 
a. water takes longer than the earth. 
b. the earth takes longer than water. 
c. air takes longer than either. 
d. earth loses faster but water absorbs faster. 
35. Convection is described by 
a. the transfer of heat by conduction. 
b. the transfer of heat by the circulation of air and water. 
c. the transfer of heat by radiation. 
d. the transfer of heat through a solid. 
36. A tub of cold water placed in an unheated basement on a cold, mid­
winter night would 
a. cool the basement as it freezes. 
b. warm the basement slightly as it freezes 
c. have no effect on the temperature of the basement as it freezes. 
d. radiate kinetic energy, 
37. Air expands and contracts because the 
a. molecules move all the time. 
b. molecules move fast when heated and slow when cooled. 
c. atoms take up more room. 
d. air is a compound. 
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38. In a hot air heating system, transfer of heat from the f'.irnare to 
the rooms takes place chiefly by 
a. convection. 
b. radiation. 
c. conduction. 
39. Combustion is another name for 
a. decaying. 
b. barninjj. 
c. boiling. 
d. neltinj. 
40. Heat is best described by the word 
a. matter, 
b. substance. 
c. ;as. 
d. cncrv;y. 
41. The thermometer which has fiy.ed points of 32 and 212 degrees is 
called the 
a. Fahrenheit thermometer. 
b. Centigrade thermometer. 
c. BTU thermometer. 
d. Coil thermometer. 
42. Steam and water pines are often wrapped in asbestos because of its 
a. conduction qualities. 
b. insulating qualities. 
c. radiating qualities. 
d. convection qualities. 
43. Tile syi.ibo 1 (°) indicates 
a. denrées. 
b. at'jms. 
J. molecules. 
d. electrons. 
44. To chanje Fahrenheit temperatures t."> Crnti^rade temperatures 
a. subtract 32° a id divide by ].3. 
L'. add 32° and divide by 1.3. 
c. divide by 1.8. 
d. subtract 32°. 
45. Tc iIiancTC Centigrade temperatures to Fahrenheit 
a. multiply by 1.8 and add 32°. 
b. add 32" divide by 1.3. 
c. subtract 32° and divide by l.B, 
d. add 32°. 
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46. Heat travels from the sun to the earth by 
a. changing to light. 
b. radiation. 
c. conduction. 
d. convection. 
4/. The top may pop oci; the milk bottle brou^hL fro.n the refrigerator 
into a warm room because 
a. heat expands the milk and air in the bottle. 
b. fermentation gives off gases. 
c. dissolved oxygen escapes. 
48. In general, the boiling point of water can be lowered by 
a. reducing air pressure. 
b .  applying heat faster. 
0 . 0ovGrin] t!ic container. 
49. The fixed points on a termometer are determined by finding; tlie 
temperature of melting ice and r?f boiling water at 
a. ground level. 
b. surface level. 
c; sea level. 
50. Man has scarcely begun to tap the limited heat resources of 
a. coal. 
b. natural gas. 
c. the sun. 
d .  e l e c t r i c i t y .  
51. The quantity of heat needed to raise the temperature of one pound 
of water through one degree Fahrenheit is called a 
a. British Thermal Unit. 
b. calorie. 
c. alpha ray. 
d. kilowatt. 
52. Tfien steam is condensed, heat is 
a. absorbed. 
b. stored. 
c. released. 
d. evaporated. 
53. Cooking problems arise in the high altitude regions of the 
mountains. These problems could be overcome by using a 
a. pressure cooker. 
b. blast furnace. 
c. household heaters. 
d. generators. 
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54. The boiling point for liquids differ depending on the 
a. atmospheric pressure, 
b. weather. 
c. season. 
d. dew point. 
55. The degree of hotaess or coldness is represented by the word 
a. humidity. 
b. circulation. 
c. temperature, 
d. radiation. 
56. The average speed o'c molecules increases as matter 
a. absorbs heat. 
:nt; 
57. The temperature of a body is a measure ol: 
a. the size of its molecules. 
b. The average speed of its molecules. 
c. the rate of expansion of the molecules. 
d. the rate of contraction of the molecules. 
53. The dew point is the temperature at which the water vapor in the 
air begins to 
a. evaporate. 
b. circulate. 
c. expand. 
d. condense. 
59. Absolute zero is the lowest possible temperature and reads 
a. -320 degrees Fahrenheit. 
b. -279 degrees Fahrenheit. 
c. -800 degrees Fahrenheit. 
d. -459 degrees Fahrenheit. 
60. Which of the following is an example of li^ht energy being changed 
to chemical energy? 
a. a growing plant 
b. a rapidly fImping stream 
c. a ringing doorbell 
d. a burning log 
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Experimental and Control Subgroup Comparisons 
Table 14. Subject-matter achievement means on pre- and post-tests for 
Che seven groups 
Group Pre-tests Post-tests 
Mean 
difference 
®1 27.83 33.75 5.91 
^2 
CM CC CO 
42.67 6.85 
e3 31.39 39.34 7 .95 
31.50 35.16 3. Ô G 
^-1 30.83 39.83 9.00 
= 2 32.74 40.96 8.22 
c? 33.46 42.12 8.65 
Table 15. Differences in mean-gain scores on subject-matter achieve­
ment between the experimental and control subgroups 
Groups Mean difference Standard error 
compared in of 
%ain scores mean difference 
df 
C] - = 1 -3.02 1.67 171 3.39 
-
= 2 
-2.30 1.71 171 1.80 
^1 - ^3 -2.73 1.64 171 2.75 
e2 - ci -2.14 1.60 171 1.78 
62 - c2 -1.36 1.64 171 0.68 
P2 - G3 -1.79 1.58 171 1.29 
e -
'-1 -1.05 1.76 171: 0.35 
^3 " '=2 -0.27 1.80 171 0.02 
^3 - =3 -0.70 1.74 171 0.16 
64 - c; -5.33 1.67 171 10.15** 
e4 - c2 -4.55 1.71 171 7.06** 
e/, - C3 -4.98 1.64 171 9.14** 
''^"Siqnificant at the .01 level. 
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Table 16. Fluency means on pre- and post-tests of creative thinking 
for the seven groups 
Mean 
Group Pre-tests Post-tests difference 
5 6 . 4 5  5 2 . 0 3  - 4 . 3 7  
^2 5 0 . 3 5  5 4 . 3 2  4.46 
5 6 . 2 5  5 7 . 0 0  0 . 7 5  
^ 4  48.33 4 7 . 5 0  -0.83 
• - 1  5 2 . 0 0  54.16 2.16 
C 2  49.25 54.07 4 . 8 1  
" 3  4 6 . 6 5  5 0 . 9 3  4 . 3 7  
Table 1 7 .  Differences in mean-gain scores on fluency 
* 
between the 
experimental and control sub^i roups 
Mean difference Standard error 
Groups in of df F 
comnared Rain scores mean difference 
e i  -  c i  - 6 . 5 4  2 . 1 4  1 7 1  9.32** 
e i  -  C 2  - 9 . 1 8  2 . 1 9  1 7 1  17.53** 
- <3 - 8 . 7 5  2 . 1 1  1 7 1  17.15** 
®2 - ^1 2 . 2 9  2 . 0 5  1 7 1  1 . 2 4  
"^2 " ""2 
- 0 . 3 5  2 . 1 1  1 7 1  0 . 0 2  
62 - G3 0 . 0 8  2 . 0 2  1 7 1  0 . 0 0  
^ 3  '  ^ 1  - 1 . 4 1  2 . 2 5  1 7 1  0.39 
6 3  -  C 2  - 4 . 0 6  2 . 3 0  1 7 1  3 . 1 0  
^3 " "^3 - 3 . 6 5  2 . 2 2  1 7 1  2.64 
64 -  CI - 2 . 9 9  2 . 1 4  1 7 1  1 . 9 6  
64 -  C 2  - 5 . 6 4  2 . 1 9  1 7 1  6.62* 
64 - C3 - 5 . 2 0  2 . 1 1  1 7 1  6.07* 
Significant at the 5 percent level. 
^^Significant at the 1 percent level. 
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Table 18. Flexibility means on pre- and post-tests of creative 
thinking for the seven groups 
Mean 
Group Pre-test'j Post' -tests difference 
ei 62.70 62 .50 0.20 
=2 32.50 68.92 S.42 
<^3 G4.25 59.25 -5.00 
f4 56.45 57 .91 1.45 
'-1 65.83 62 .00 -3.8? 
'2 56.66 62.22 5.53 
54.63 58 .12 3.44 
Table 19 Differences in mean-gain scores on : Flexibility between the 
experimental and c ontrol. subgroups 
Mean difference Standard error 
Groups in de F 
compared ,r;aia scores mean difference 
n -
= 1 3.62 2.72 171 1.76 
ej -
'^2 -5.76 2.79 171 4.25* 
G. -
-^3 -3.64 2.63 171 1.83 
62 - CI 10.26 2.61 171 15.37** 
^2 " ^ 2 0.87 2.68 171 0.10** 
^2 - =3 2.99 2.57 171 1.34 
^3 - -1.16 2.87 171 0.16 
"33 -
-2 -10.55 2.93 171 12.90** 
03 -
^3 -8.43 2.83 171 8.83** 
«4 -
"1 5.29 2.72 171 3.76 
% - "2 -4.09 2.79 171 2.15 
£4 -
''3 -1.97 2.68 171 0.54 
" S ignificant at the 5 percent level. 
ignificant at the 1 percent level. 
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Table 20. Originality means on pre- and post-tests of creative 
thinking for the seven groups 
Group Pre-tests Post-tests 
Mean 
difference 
Gl 49. 16 43.12 -1.04 
^2 48. 75 
55.53 6.78 
63 49. 50 52.50 3.00 
43. 54 43.95 0.41 
^1 42. 
66 50.83 3.16 
-2 
45. IS 49.25 4.07 
C3 43. 28 52.62 9.34 
Table 21. Differences in mean-gain scores on originality 
experimental and control subgroups 
between the 
Croups 
compared 
Mean difference 
in 
>^ain scores 
Standard error 
of df 
mean difference 
F 
®1 - =1 -9.20 2.51 171 13.40** 
ei - =2 -5.11 2.57 171 3.94* 
ei - Cq -10.38 2.47 171 17.54** 
^2 " ^ 1 -1.38 2.41 171 0.32 
- =2 2.71 2.47 171 1.19 
62 - C3 -2.55 2.37 171 1.15 
63 - Ci -5.16 2.65 171 3.79 
C3 - =2 -1.07 2.70 171 0.15 
=3 - C3 -6.34 2.61 171 5.87* 
C4 - =1 -7.74 2.51 171 9.49** 
G4 - =2 -3.65 2.57 171 2.01 
®4 ~ ^3 -8.92 2.47 171 12.96** 
* Si .gnificant at the 5 percent level. 
**Si gnificant at the 1 percent level. 
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Table 22, Total creativity means on pre-' and post-tests of creative 
thinkin^ for the seven groups 
Mean 
GronD Pre-tests Prst-tests differerce 
^1 168.33 162.70 
-5.62 
^2 161.60 179.25 17.67 
G] 170.00 168.75 -1.25 
148.33 149.37 1.0'l 
160.50 167.00 6.50 
^•2 ,151.11 165.55 14.44 
C3 144.53 161.68 17.15 
Table 23. Differences in mean-gain scores en total creativi ty 
between the experimental and c ontrol subgroups 
Mean difference Standard er rer 
Gro ups in 0 f Jf F 
cim pared Rain scores mean differ en ce 
^1 - CI -12.12 5.33 171 A. 31* 
P-i 
- -2 -20.06 5.98 171 11.26** 
•^1 - -3 -22.78 5.75 171 15.66** 
62 - =1 11.17 5.60 171 3.39* 
62 - =2 3.23 5,75 171 0.31 
^2 " -'3 0.52 5.51 IJl 0,00 
-
-7.75 6.15 171 I. 38 
- C2 -15.69 6.28 171 6.22* 
^3 " ••'3 -IR.^0 6.07 171 9,17** 
e4 
- '^'l -5.45 5.33 171 0,87 
^4 - "2 -13.40 5.93 1.71 5.02* 
C4 
- ^^3 -16,11 5.75 171 7.33** 
'' Significant at the 5 percent level. 
"'''Significant at the 1 percent level. 
